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sary or not, has brought about the inevitable re- 
sult. 


Europe, but will be without their knowledge of 
methods of meeting the situation where timber 
must be employed, no substitutes being possible. 
The destruction of the American forests can be 
checked only in two ways; by the practice of for- 


estry principles on a great scale, which is slowly’ 


coming into prominence as a national. economical 
necessity, and by prolonging the life of timber in 
service by some method of treatment. A large 
part of the wood used in the country cannot be 
treated in any manner on account of the use made 
of it, but there is a considerable portion to which 
it is desirable to give a longer life in this way. 
The trouble is that so very few people know any- 
thing about the methods of preserving timber for 
minor uses; during the last few years ‘these 
methods have been developed until there is no 
longer any excuse for the use of untreated timber, 
except in a very limited amount, in situations 
where treated timber is more advantageous. 
Methods of preservation must be varied for 
different localities and different kinds of wood, 
but there are certain general principles involved 
in the different processes which are readily under- 
stood. These are outlined in an excellent manner 
by Mr. W. F. Sherfesee, of the U. S. Forest Serv- 
ice, ma bulletin entitled “A Primer of Wood 
Presetvation,” just issued by the Department of 
Agriculture. The importance of the subject is so 
great, not only to engineers and architects, but also 
to all who aré interested in national economics, 
that special attention is-called to this little outline 
of the subject. It explains what decay is and 
how decay can be retarded by seasoning and by 
chemical impregnation, it outlines the preserva- 
tives and processes used in the United States, 
forecasts the tendency of wood preservation in 
our country, and closes with a forceful demon- 
stration of the saving in dollars and cents which 
follows from the practice of rational wood pres- 
ervation. It is shown that by treating loblolly 
pine fence posts there ‘is a saving to the farmer 
each year for every mile of fence of a sum equiva- 
lent to the interest on $220. The treatment of a 
loblolly pine tie is equivalent to the saving of an 
investment of $1,175 per mile of track, or a little 
over 2 cents per tie per year. In the same way 
a considerable saving on poles for telegraph and 
telephone companies and like purposes can be 
made by subjecting them to some preservative 
treatment. Moreover, this treatment permits the 
use of grades of timber which are employed only 
with great reluctance in an untreated condition, 
and opens up a use for species which can probably 
furnish supplies for many years to come if they 
are not wasted with the same carelessness that 
has marked much of the cutting done in the past. 
Forestry experts have been warning us for a 
number of years that at the present rate of con- 
sumption structural timber will be practically ex-~ 
hausted in the United States in a short time un-~ 
less great changes are made in its methods of use. 
Fence posts, railroad ties, line poles and mine 


timbers exhaust an enormous amount of timber © 


annually and form such a serious drain on our 
forests and wood lots that the little primer ex- 
plaining briefly methods of checking the waste- 


ful part of this drain should have a wide cir- | 


culation among-those who are using timber for 
the purposes mentioned. It shows that by simple 
methods of treatment not only is it possible to 
extend the life of grades of wood now used for 
such purposes, but more species can be utilized 
and millions of feet of timber killed by insects 
or fire in the West can be rendered useful by 
preservative processes. In the South the cheap 
and abundant loblolly pine, ore of the easiest 
of all woods to treat, can be made to take the 
place of the high-grade long leaf pine for many 
purposes if it is properly prepared for them. 


ae Oe oe 


In a short time we shall be confronted by 
the same conditions that face the builders of 


281 


Black and tupelo gums and other little-used woods 
have a new and increasing importance because of 
the possibility of preserving them from decay at 
small cost. In the Northeastern and Great Lake 
States the tamarack, hemlock, beech, birch, maple 
and the red and black oaks are being subjected 
to treatment which permits them to replace the 
fast-diminishing white oak and cedar, while in 
the Mississippi Valley the fence-post problem is 
being greatly relieved by treating cottonwood, 
willow and elm by inexpensive preservative meth- 
ods. The Department of Agriculture has ren- 
dered an important service to architecture and 
engineering by the preparation and distribution of 
this valuable little primer, and the readers of The 
Engineering Record will help forward an im- 
portant national economical reform by referring 
those who are now using timber wastefully to the 
economies they can obtain by following the sug- 
gestions of this pamphlet. 


The Minor Transportation Problem. 


The recent activity directed toward the develop- 
ment of waterways by the Government, and the 
steady movement for good roads bear witness to 
the genuine importance of improving the avail- 
able means of transportation. To the average 
man the word “transportation” simply brings up 
the image of a‘railway train. Transportation in 
this country has, in fact, meant railroads built 
here, there and everywhere, sometimes in the 
single-minded éndeavor to market the largest 
possible bond issue. In point of fact the whole 
structure of modern society has been held to 
rest upon the doctrine of charging what the 
trafic will bear. . Cheap transportation is, of 
course, a good thing for industry, but it isan open 
question whether transportation charges carefully 
gauged to the maximum weight which can be 
endured are not destructive in their ultimate 
result, If one takes many an article of manu- 
facture and analyzes its cost he will often find 
that-a large proportion of what he pays is for 
economically useless transportation of material 
together with intricate middlemen’s charges whicl) 
find their opportunity during the needless jour- 
neying. For a simple example, a man in Seattle 
buys a pair of trousers made in Philadelphia, of 
cloth woven in Massachusetts from wool raised 
in California, to say nothing of Texas cotton. 
Problem: of the $4.50 the Seattle man paid how 
much went to the actual makers of the cloth and 
the trousers, the sheep raiser and the cotton 
grower, and how much to the transportation 
companies and to the dozen or more unnecessary 
commissions extracted at various points? 


Both transportation and commissions are to a 
certain extent necessary for industrial conve- 
nience, yet as time has gone on their importance 
has swelled until they are pretty nearly the 
whole thing. At a beautiful example of the other 
and more logical path, take the steel industry on 
the Great Lakes in which transportation and 
commissions have dropped to an irreducible mini- 
mum and the only freightage worth considering 
is that on the finished product which goes by 
the cheapest route, billed through to the consumer. 
It is to the development of minor transportation 
that one must look for industrial improvement. 
Just so long as it is necessary for goods to go 
along two long sides of the triangle instead of 
the short third side where there are no transporta- 
tion facilities, so long will transportation and 
commissions pile their cent per cent upon the 
prices of the simplest things. The country needs 
more waterways and it needs, and needs very 
badly, better roads from place to place where 
industrial trafic ought to exist. Light railways 
and trolley lines must play their part also. At 
present the land is about in the state of a body 
provided with a heart and a full system of . 
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‘arteries and veins, but sadly lacking in capillaries. 
These must be furnished by roads and waterways, 
and improved means of utilizing both of them. 

With a well-planned system of good roads the 
motor truck is capable of working a revolution 
in cheap carriage over moderate distances. It is 
not the man with the French touring car alone 
who needs good roads. The subject is one of 
national importance since it touches directly 
national industrial problems. It would be inter- 
esting to see what the lobby would do if it were 
really tried. Suppose Congress were to appropri- 
ate even $10,000,000 a year for the building and 
up-keep of first-class highways for the benefit 
of States that were willing and anxious to lend 
a hand, dollar for dollar, what a change even a 
few years would make in the practical facilities 
for getting commodities about the country. Pub- 
lic money is put to many worse uses than this, 
uses that benefit the community little or not at all. 
With a little wisdom in directing and gauging 
activity it would be quite possible to give a 
large and effective measure of practical relief to 
the unemployed during times like the present, 
at least to such of the unemployed as are not 
also unemployable. A network of thoroughly 
good roads would tend to scatter population, 
itself a very desirable thing, and would in this 
way quite make up the losses, if any, which 
existing railroads might suffer by the existence 
of available short cuts. The main gain locally 
would be not only greater commerce in all 
things but a better chance for local industries. 
Add to a good road system the. systematic de- 
velopment of natural waterways and one would 
have a situation at last permitting something like 
a logical system of manufacture and distribution 
of manufactured things. Particularly it would 
be easier to escape the economic fault of sending 
a thousand miles materials which come back upon 
their tracks to the very next county, distant. only 
in accessibility. 


Auxiliary Steam Plant Capacity. 


In many hydro-electric power transmissions the 
variations in the flow of the stream utilized are 
so. great at different periods of the year that the 
construction of an auxiliary steam plant at some 
favorable point on the system is absolutely essential 
to the proper carrying of the load. The amount of 
reserve capacity installed exerts no little influ- 
ence upon the financial operation of the system as 
a whole, and there is no problem in commercial 
power transmission deserving more careful inves- 
tigation. Many hydro-electric systems have been 
created later than their auxiliary steam plants, 
and for this reason the presence or absence of 
economy in maintaining a given steam capacity is 
not always appreciated. Even in. a long-estab- 
lished system it pays to check up every two or 
three years the cost of holding reserve capacity 
in a steam station, compared with the load re- 
quirements and possibility of further hydraulic 
development to obviate the need of retaining the 
original steam equipment. . 

The problem of reserve capacity is not one of 
great difficulty, but it is one which should not be 
neglected. The principal factors in the issue are 
the yearly load curve of the system, the power 
delivery possible at different months, the cost of 
generating steam power and hydraulic power, in- 
cluding the fixed charges, and the investment and 
yearly charges upon any feasible extension of the 
storage capacity above the forebay. In connec- 
tion with the yearly load curve some allowance 
should, of course, be made for the probable in- 
crease of business in the system as indicated by 
the trend of both the connected and actual loads 
from year to year. The overload capacity of the 
machinery should also be considered in figuring 
the possible power delivery, particularly in carry- 
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ing the system through the maximum load period 
of the year. 


Electric power generated by hydraulic turbines 
is almost certain to be more economical at the 
point of delivery than the power generated in a 
steam plant unless the cost of hydraulic develop- 
ment far exceeds the original estimates, and un- 
less the cost of maintenance and interruptions 
runs so high as to offset the advantages of no fuel 
expense. The assumption that electric power of 
hydraulic origin is always cheaper than steam 
power at the market place, regardless of the qual- 
ity of engineering judgment displayed in the de- 
sign of the hydro-electric installation, is certainly 


a very rash one. to make without resorting to - 


careful figures. The full story of power trans- 
mission expressed in terms of maintenance and 
fixed charges on lines of very high potential and 
in connection with elaborate hydraulic develop- 
ment has yet to be written. No outsider realizes 
the increasing difficulties of line maintenance at 
40,000 volts and upward compared with 10,000 to 
25,000-volt service. There is certainly room for 
more careful figuring of hydro-electric power 
costs in addition to plain operating expenses. 

Primarily the question of auxiliary capacity is 
one of carrying the yearly load without interrup- 
tion or inferior regulation of voltage at the con- 
sumers’ lights and motors. Hydraulic plants are 
seldom so unfortunate as to be obliged to shut 
down entirely because of low water, though now 
and then high water creates exactly this trouble. 
As a rule, it is not necessary to install duplicate 
capacity in steam units, but, on the other hand, 
the installation of merely sufficient capacity to fill 
in the gap between the hydraulic capacity and the 
peak load is of doubtful wisdom in point of se- 
curity against extreme conditions. Just where the 
safe middle course is must be determined by bal- 
ancing the total cost of steam power, including 
fixed charges, stand-by expenses, operating ex- 
penses and perhaps extra depreciation of idle 
equipment, against the total cost of hydro-electric 
power, both on the basis of present and future de- 
velopment, including in some cases forfeit penal- 
ties for the failure of the supply, or what is often 
substantially the same thing, lost revenue. Trans- 
mission costs must be included if the steam and 
hydro-electric plants are not at the same distance 
from the power market. In the great majority of 
cases it is unthinkable to plan insufficient capacity 
to carry the load under extreme conditions, but 
in facing an unprecedented shortage of water, oc- 
curring perhaps once in 15 or 20 years, some risk 
can be taken with judgment. Long series of flow- 
age and river-stage records are invaluable helps 
in the analysis of all hydro-electric power prob- 
lems. 


Specifications for Concrete Hollow Blocks. 


Concrete hollow blocks like a number of other 
concrete and reinforced concrete products have 
come to stay, and have already found a wide and 
rapidly widening application in building construc- 
tion and in some other lines of work. They con- 
stitute a useful and attractive building material 
in consequence of the ease with which they can 
be made of any shape, and because they may 
be conveniently and economically laid. Their 
utilization constitutes, so far as modes of manu- 
facture and procedure in building are concerned, 
practically an extension of the .use of bricks. 
Further than this, they possess an advantage over 
the latter in ease of manufacture and especially in 
the ease with which void spaces may be formed 
in the concrete, thus making, what is frequently 
much desired, an: air space in the wall. At the 
same time they have one other characteristic, 
porosity, in which they are unfortunately much 
too like brick. Any process of manufacture or 
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simple, ecbnomic treatment which will eliminate 
the porosity of the hollow concrete block will add 
much to its value. Again, inasmuch as the hol- 


‘low blocks are bound to be used where more or 


less heavy loads will come upon them, it is of 
the utmost importance to be assured that they 
have the requisite carrying capacity, not only at 
the time of laying them, but also at a subsequent 
period when they receive their greatest loadings. 
While the operations of hollow concrete block 
making constitute practically shop work and they 
may consequently be controlled with .correspond- 
ing ease and accuracy, it is imperative that these 
concrete shop operations, so to speak, should be 
subject to just as stringent specifications as those 
which belong to the fabrication of steel structural 
members, also a shop operation. This is all the 
more necessary from the fact that the manufac- 
ture of concrete hollow blocks is essentially a 
new industry. 


For these reasons it is a matter of some con- 
sequence to observe “The Standard Rules and 
Regulations Governing Concrete Hollow Block,” 
recently adopted by the National Association of 
Cement Users and printed in this journal on 
March 7. It is full time that suitable specifica- 
tions for this special field of construction should 
be carefully considered, not only by the manufac- 
turers of hollow concrete blocks but by engineers 
and users of this class of cement products. ‘There 
are a number of featurs of this work which 
should be carefully controlled by specifications, 
such as those conditions which reduce the porosity 
of the concrete, thus attaining as nearly a water- 
proof material as practicable. While it is impos- 
sible to secure in this manner an actually non- 
absorbent artificial stone, the porosity can cer- 
tainly be much reduced by suitably selecting and 
grading the aggregate so as to reduce the voids 
to a minimum and then using a fine ground 
cement to an amount a little more than sufficient 
to fill those voids. It may be necessary for some 
purposes to submit the blocks before the setting 
of the cement to a suitable intensity of pressure 
in order to secure the desired density of the 
finished product. 


It is also a matter of much importance to pro-- 
portion the voids in the blocks so as to keep the 
total percentage of open spaces in the finished 
wall within desirable limits. The maximum per- 
centages of these hollow spaces are fixed in the 
Cement Users’ specifications at different amounts 
for different heights of walls, which is probably 
judicious as a general plan. This feature of a 
hollow block wall, however, is of much impor- 
tance to the finished construction and it should 
receive the most careful consideration in view of 
all the conditions which are affected by it. Mani- 
festly the thickness of the sides of the blocks 
must be adapted to the amount of loading at the 
points where loads are applied, as is indicated in 
the specifications under consideration. 


The different kinds of tests to be prescribed for 
these blocks is another matter requiring the most 
careful study in view of the peculiar duties which 
the blocks must perform. The method of pre- 
scribing certain ultimate bearing values for the 
entire area of the block section without regard to 
the hollow spaces may have to be changed. The 
concrete of the walls of the blocks must have a 
satisfactory resistance per square inch of actual 
cross section, otherwise the actual compressive 
resistance of the concrete may be completely hid- 
den by the sectional area of void space.. Probably 
no test will be prescribed eventually except such 
as show the actual: character of the material itself. 
The absorption and transverse tests are obviously 
essential and they should always be carefully 
made. The absorption limit of 15 per cent. as 
an average and 22 per cent. as a maximum may 
be well enough for some cases but quite unsatis- 
factory for others. 


ia 
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The specifications serve an excellent purpose as 
indicating what is much needed, and those engi- 
neers who are engaged in hollow concrete block 
work should give this matter of suitable specifi- 


. cations careful study and prescribe the requisite 


features of their work in such way as to attain 
the best results with greatest attainable economy 
and the least difficulty. 


The Quebec Bridge. 


The Royal Commission of Enquiry appointed 
by the Governor General of Canada on Aug. 31, 
1907, to investigate the causes of failure of the 
Quebec bridge has made its report, under date 
of \Feb. 20, which is printed in full in this issue 
of The Engineering Record. The Commission 
comprised three eminent Canadian engineers, 
who were equipped with full authority not only 
to examine and investigate all the physical con- 
ditions attending the failure of the structure, but 
also to summon witnesses and secure such evi- 
dence as in their judgment might seem desirable. 
A perusal of the report and its appendices dis- 
closes the fact that the commissioners have made 
active and thorough use of the authority with 
which they were clothed and that they have also 
availed themselves of the professional advice and 
aid of some of the most prominent bridge ex- 
perts in this country in reaching their conclu- 
sions. In fact, it is difficult to discover in what 
way the Commission could have been more assid- 
uous in the various directions in which it has 
pushed its enquiry. 

The circumstances under which this bridge was 
designed and under which its construction was 
carried on to the date of the disaster are rather 
unusual, although by no means heretofore un- 
known in American practice. The Quebec 
Bridge & Railway Co. was organized with a chief 
engineer of experience in some lines of engineer- 
ing work, but without extended experience in 
bridge work, in spite of the fact that the prin- 
cipal object of the corporation was the construc- 
“tion of the 1800-ft. cantilever bridge across the 
St. Lawrence River. It was manifestly imprac- 
ticable, therefore, for the engineering organiza- 
tion of the Quebec Bridge & Railway Co. to 
prepare plans and specifications for the structure 
which it was about to build. It would appear 
also that possibly in consequence of the lack of 


- a strong financial foundation at first, it followed 


the procedure of inviting bids for the contem- 
plated work on plans and specifications to be 
submitted by the bidders themselves, the latter 
being guided only by general instructions. This 
procedure created at once a position likely to be 
productive of much difficulty, which would re- 
quire the exercise of unusual professional ability 
and tact on the part of someone in avoiding the 
chances for controversies. ; 

In the early stagés of the work, in order that 
the company might secure the services of a 
prominent bridge engineer of experience and 
reputation, Mr. Theodore Cooper was appointed 
consulting engineer and made supreme in author- 
ity as to all parts of the design and construction 
of the bridge, from the mill inspection to tine 
completed structure. His authority was absolute 
_as to all questions whether in the mill, in the 
shop or in erection, and was ultimately secured 
by governmental order. This action secured the 
official approval for the Quebec Bridge & Rail- 
way Co. of a prominent specialist, so that what- 
ever may have been proposed or suggested in 
the original plans of the contractor, the company 
might feel assured of a suitable design for its 
purpose and rest assured as to the safety and 
sufficiency of the great steel struciure designed 
ultimately to carry the railway traffic of one of 
the Canadian transcontinental trunk lines as well 


as such trolley or other street traffic as might 
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seek the accommodation of the bridge. Some 
emphasis is laid upon this particular part of the 
history of the enterprise for the reason that many 
engineers will undoubtedly contend that had the 
plans and specifications first been prepared under 
the supervision of an experienced bridge engineer 
the limitations of the procedures first taken would 
have been avoided, thus escaping the final 
catastrophe. Be that as it may, however, it ap- 
pears, as stated in the report, that the defective 
design originated in the office of the Phcenix 
Bridge Co., but was approved and accepted offi- 
cially as his own by the consulting engineer. 
The Commission states conclusively what has 
in reality been known for some time by those 
who have followed the matter, that the collapse 
was due to the failure of the lower-chord com- 
pression members of the southerly anchor arm 
of the bridge, probably in the second and third 
panels from the main pier between the anchor 
and cantilever arms, as has been shown in the 
columns of this journal. At least one of these 
lower-chord segments showed serious bends or 
buckling of the webs a few days prior to the 
collapse. It is furthermore shown that the de- 
fective design of those members, observed -and 
set forth by the Commission, finds expression in 
lattice bars far too weak for their duty and in 
web flange angles far lighter than they should 
have been. In other words, the section of these 
heavy compression chord members, each con- 
sisting of four webs, was badly “balanced.” As 
these chords were 54 in. deep, their proper design 
demanded heavy lattice bars and flanges wide 
enough to have given them much initial stiffness 
in themselves; neither of these conditions was 
fulfilled. The initial failure of the structure 
took place at a stress of about 18,000 Ib. per 
square inch in these lower chord members. It 
is highly significant that when an exact model 
of one-third full size of these chord members 
was made and tested at the shops of the Phoenix 
Bridge Co., in the presence of the Commission 
last November, it also failed at practically the 
same compressive stress per square inch, and by 
the failure of the lattice rivets without any sign 
of buckling or other yielding whatever of the 
webs of the model member. This result in itself 
is conclusive evidence of the cause of failure. 
The Commission criticized sharply a grave error 
in assuming the dead load for the calculations at 
too low a value and not afterwards revising this 
assumption. Obviously in such a structure as this, 
the dead load, being the chief burden of the struc- 
ture, should not be underestimated; at the same 
time, an underestimate of even 4 or 5 per cent. 
would carry with it no essential hazard. Unfor- 
tunately, however, a graver error was the ex- 
traordinarily high working stresses permitted in 
the design, Compressive stresses running possibly 
from 24,000 to 26,000/Ib. per square inch in com- 
pression members, due to the loading of the rail- 
way tracks only, are too high for safe and judi- 
cious construction. It is altogether probable, if 
not certain, that however carefully carbon steel 
compression members may be designed their ulti- 
mate carrying capacity will fall considerably short 
of double these working values, and in some cases 
such working stresses might easily be dungerously 
near the elastic limit of the members. It is true 
that some extraordinarily heavy structures have 
been built with working compressive stresses ap- 
proaching 24,000 lb. per square inch, but only 
where there is a multiplicity of trolley or elevated 
railway tracks, roadways and sidewalks the con- 
current loading of all of which is essentially im- 
possible, the working intensity in question being a 
maximum for the greatest supposable congested 
load. 
The Commission lays much stress upon the lack 
of “professional knowledge of the present day 
concerning the action of steel columns under load 
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This is largely true and the fact has 


' received the editorial comment of this journal, 


but at the same time too much should not be made 
of that general fact. The real lack of knowledge 
is in connection with the design of latticing. En- 
gineers know little or nothing as to any proper 
theory of that design. Such meagre experimental 
tests as have been made with steel columns have 
not been conducted with a view to throwing any 
light upon this matter, and there is no possible 
analytic theory, in spite of much that has been 
written on this subject on assumed bases. Given 
an adequate method of designing lattice bars or 
other spacing members, the carrying capacity of 
even steel columns can be computed with a fair 
degree of approximation. In such great compres- 
sion members as those which failed in the anchor- 
arm chords of the Quebec Bridge cover plates 
should be used. on their tops, leaving the lower 
flanges to be held by properly designed latticing. 
There is at least one fruitful issue to arise from 
this appalling catastrophe and that is the thorough 
and comprehensive experimental study of full- 
size steel columns which is bound to follow. 

The report as a whole is fair and judicial in its 
tone.’ It recognizes the grave difficulty under 
which the engineers labored in making the design 
and in carrying out the erection. It compliments 
the contractor upon the skill and efficiency of its 
organization in the office and shop and in carrying 
out the erection, and the tortured and twisted con- 
dition of much of the wrecked material at the 
bridge site is a superb tribute to its quality, con- 
firmed also by the Commission’s report. The 
Commission is unquestionably right in stating 
that the fall of the bridge could not have been 
prevented by any action that might have been 
taken after Aug. 27, 1907. The question of re- 
sponsibility for the disaster as due to defects of 
design, they do not attempt to settle; they simply 
state, what is obviously the fact, that the design 
was officially approved by the Consulting Engineer 
whose supreme authority was fixed by an “Order- 
in-Council.” 


Tue Septic TANK LITIGATION in this country 
has evidently not been terminated as yet, for on 
Monday of this week the representatives of many 
cities and several State boards met at Harrisburg 
and organized a permanent association to oppose 
the collection of any royalties based on the de- 
cision of Judge Ray, printed’ in this journal on 
Jan. 25. The general affairs of the association 
have been placed in the hands of an executive and 
finance committee made up as follows: Chairman, 
F. Herbert Snow, chief engineer Pennsylvania 
State Board of Health; secretary, R. Winthrop 
Pratt, chief engineer of the Ohio State Board of 
Health; treasurer, G. A. Johnson, principal assist- 
ant engineer with Hering & Fuller, New York; 
Wade Ellis, attorney general of Ohio; Robert A. 
Cairns, city engineer of Waterbury; T. Chalkley 
Hatton, consulting engineer, Wilmington; G. 
Everett Hill, consulting engineer, New York. The 
official announcement regarding the association’s 
purpose has not been given out yet, but it is un- 
derstood that the organization will defend vigor- 
ously any attempt to collect royalties for the use 
of the septic process of sewage treatment and will 
endeavor to secure the reversal of the recent de- 
cision in favor of the Cameron septic patent. It 
is evident, therefore, that this patent is likely to 
be the cause of a legal battle of the most im- 
portant character, not only to engineers engaged 
in sewerage work, but also to all inventors of 
processes, since the general: defense in this case 
is understood to be that the septic process is one 
of those natural changes that occur whenever 
the conditions are favorable, and that such condi- 
tions may be natural or artificial without affect- 
ing the results of septic action. 
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The Construction of the Base.of Baltimore 
Light, in Chesapeake Bay. 


DescrIPTION OF A UNIQUE SALVAGE UNDERTAKING 
FOR A LARGE PNEUMATIC CAISSON. 


By H. Prime: Kieffer, Berlin, Germany. 


The completion of the base for the Baltimore 
Light in Chesapeake Bay, two miles off the mouth 
of Magothy River, in the main ship channel to 
Baltimore, closes one of the most interesting 
undertakings in recent years in connection with 
difficult foundation construction. The work was 
started in 1904, and after extraordinary vicissi- 
tudes, was completed by the United States Fidel- 
ity & Guaranty Company, of Ba!timore, under 
the direction of Mr. Chas. F. Wood, its chief 
engineer for a number of years, who has recently 
been elected vice-president and general manager 
of the Breakwater Construction & Engineering 
Company, of New York and Cleveland. 

The lower part of the base consists of a square 
wooden caisson measuring 48 ft. on a side at the 
bottom, 46 ft. on top and ar ft. high, having the 
usual working chamber and air and dredging 
shafts. This caisson carries a cast iron outer 
cylinder, 45 ft. in diameter for the lower five 
courses, then rising in a conical shape for four 
courses, and then rising for three courses with a 
uniform diameter of 30 ft. to a trumpet-shaped 
top. The total height of the cylinder is 82 ft. 
3 in., and the total height of the whole founda- 
tion pier is 103 ft. 3 in. 

Work on the caisson was started at Lazarette 
Point, Baltimore Harbor, in the spring of 1904 
by the original contractors, Flaherty & Lande. On 
account of various delays the caisson was not 
ready for launching until the middle of summer: 
Owing to some miscalculations difficulty was ex- 
perienced during the launching and the caisson 
ran off the ways and grounded in tne mud. After 
a long delay, a dredge was brought into service 
and the mud dredged away from the front of the 
caisson. The Baltimore ice boat and a ‘number 
of powerful tugs were then attached to it and 
succeeded in getting it afloat. It was then moored 
alongside the United States Engineer wharf and 
two rings of flanged cast iron plates, each ring 
45 ft. in diameter and 6 ft. 3 in. high, were bolted 
to it. The contractors then towed the caisson to 
the site, which was reached on Sept. I9, 1904. 

The structure had to be sunk through 55 ft. of 
mud, a 4-ft. stratum of coarse sand and finally 
into about 2 ft. of fine sand, in which it was 
expected to come to rest. The different methods 
of sinking which the contratcor was permitted to 
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use, were described in the specifications as fol- 
lows: 

“Tt, ‘The design shows four outer shafts, each 
6 ft. in diameter, placed 11 ft. from the center, 
and one shaft 5 ft. in diameter, in the vertical 
axis of the structure. The contractor may ex- 
tend these four outer shafts, open on both ends, 
below the line of the cutting edge, to be filled 
with water to the high-water mark and then used 
as dredging shafts only, until the whole structure 
rests on the bottom datum line. The center shaft 
is to be used at first as a dredging shaft; later 
on when provided with an air lock for application 
of pneumatic pressure, as an air-shaft. 
filling of the working chamber with concrete, the 
closing of the four outer shafts should be con- 
nected in the same way and be continued to a 
height f 12 ft. above the top of the 21st caisson 
course; the remaining part should be filled with 
sand and stone. 
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“2, The contractor may carry all the shafts 
only to the roof line of the working chamber, 
and use them in the first part of the opera- 
tion of sinking for dredging shafts. Later on, 
when dredging can be discontinued and com- 
pressed ait advantageously used for the final 
sinking of ‘the structure, these four ‘outer shafts 
are to be fitted with air locks. The 4-ft. center 
shaft shall always, except as noted under 1, be 
used as an air-shaft, and for admitting the work- | 
men and materials. 

“3. The contractor may make use of two of 
the 6-ft. shafts for dredging, and apply the air 
pressure on the two other 6-ft.:shafts. The center . 
shaft to remain as stated in No. 2. 

“4. The contractor may decide to omit the use 
of one, two or all of the four outer shafts and 
rely for sinking only on the central air-shait as 
the pneumatic process may be used. With the 
approval of the lighthouse engineer, the diameter 
of this center shaft may be enlarged.” 

The specifications further stated that after the 
caisson had been moored in place it was to be 
lowered at high tide by gradually extending the 
cylinders and shafts in height and filling in with 
concrete. The specifications permitted the loading 
of the caisson as soon as it touched bottom, and 
stated that the character of the upper stratum 
was such that little resistance to sinking by 
weight alone would be offered: Later on, the 
process of dredging or pumping was permissible 
until the depth was reached where it would be 
advantageous to introduce compressed air. 

When the caisson arrived on the site on Sept. 
19, 1904, the contractors immediately began to 
fill the rings with concrete. Two more rings were 
added, making the cast-iron cylinder 25 ft. high. 
The water at the site of the lighthouse was 24 ft. 
deep and the caisson with the two rings on top 
drew about. 23 ft., and was floating with the cut- 
ting edge just above the mud. This mud was so 
soft that a pile stood on its end sank 15 ft. into 
it of its own weight. It was the intention of the 
contractors to load the rings with concrete until 
the weight should cause the caisson to sink 
through the soft mud to the harder stratum be- 
low, after which it was intended to put on the air 
and sink the caisson by the ordinary pneumatic 
process. To expedite the work it was proposed 
to dredge the mud through the dredging shaft 
with an orange-peel bucket. 

For the purpose of carrying on the work the 
contractors provided three barges about 200 ft. 
long, one of which was an old bark with all three 
masts in place and the others were old ferry 
boats. These barges provided quarters for a crew 
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of about 150 men and one of them was fitted with 
three boilers, two air compressors and other ap- 
pliances necessary for carrying on the work. 

Owing to bad workmanship the deck of the 
caisson leaked considerably and as the specifica- 
tions required the concrete to be laid in the dry, 
the necessity of stopping the leakage caused 
further delay. Finally concreting was started and 
about 1 ft. was placed uniformly over the whole 
deck. The space inside the two lower rings was 
divided into three parts by two parallel water- 
tight bulkheads 12 ft. high and running north and 
south, after the caisson was anchored in position 
and the concrete was placed alternately in each 
of the outside pockets. When the concrete in the 
east pocket was 4 ft. 9 in. above the deck, that in 
the west pocket was 2 ft. or more below it, and 
the whole structure took a list to the east. 
concrete was then rapidly thrown into the west 
pocket until it reached a height of about 13 ft., 
when the top of the structure began to move to 
the west. This point was reached on the morning 
of Oct. 12, when a gale came on from the north- 
east, in which direction the site is exposed to the 
«whole sweep of Chesapeake Bay. As a result, 
before night the caisson lay with one side 46 ft. 
ee below the surface of the bay and the other just 
bi a wash, while the contractors’ boats were blown 
z "ashore and lay among the breakers 2 miles to 
| leeward. The néxt day the contractors made an 
assignment. The movements and positions of the 
caissons at various dates are shown in one of 
the figures. 

The contractors claimed to have spent about 
$70,000 on the work up to this time, a consider- 
able proportion of which was for plant and equip- 
. ment. The loss of the caisson is considered to 
have been caused by bad judgment and lack of 
the ordinary precautions in such work. If, in- 
stead of mooring the caisson with a few anchors 
and attaching to it three large and clumsy barges, 
‘all of which, including the caisson, were tossed 
about by the waves, a half dozen dolphins of 
heavy piles had been driven, and the caisson and 
barges had been properly moored to these, it is 
considered probable that the whole equipment 
would, have ridden out the gale of Oct. 12, al- 
though the overloading of one side of a structure 
having such a high center of gravity was a fatal 
i error. 

The winter and spring of 1905 were wasted in 
‘discussions between the receiver and the creditors 

_ of the contracting company over ways and means 

to right the caisson and complete the work. The 
Light-House Board finally declared the contract 
in default in June, 1905, and called on the United 
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‘States Fidelity & Guaranty Company, surety on 


the contractors’ bond, to complete the work. In 
August the surety company made a sub-contract 
against Mr.*Wood’s advice with a New York 
contractor. He worked for the rest of the season 
and took off some of the segments of the cast 
iron ring for the purpose of removing the con- 
crete that.had been deposited on the deck by the 
original contractors. Nothing of real value was 
accomplished and in the spring of 1906 the sub- 
contractor was ordered by the government to 
stop work. The task was then undertaken by the 
U. S. Fidelity & Guaranty Company under the 
plans and direction of Mr. Wood. 

After a careful study of the problem, it was 
decided that the best way to right the overturned 
structure was to construct a tower derrick on the 


caisson, and suspend on it enough lead to shift 
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the center of gravity to a point near the toe or 
cutting edge of the caisson, and then apply suffi- 
cient force by hoisting engines and derricks to 
revolve the structure through a quarter-turn. 

In order to insure stable working conditions, 
and eliminate the chance of disaster at a critical 
moment, a wharf was constructed around three 
sides of the caisson, substantially as shown in 
one of the illustrations, 309 piles 75 to 80 ft. long 
being used on this structure. On this wharf were 
installed the boilers, engines, compressors, two 
25-ton derricks and other plant and the houses 
for the protection of the machinery and men. 
The derricks had 20 x 20-in. masts 40 ft. high 
and 16 x 18-in booms 65 ft. long, and were fitted 
with seven-part fall lines and nine-part boom 
lines. To secure fresh water for the boilers and 
other purposes, a 6-in. well was driven into the 
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bottom of the bay about 184 ft. below high water, 
at which depth a stream was tapped under a head 
of about six feet, which overflowed the pipe into 
the bay, like a fountain., This well furnished 
practically all the water used on the work, and 
at the time of greatest activity supplied nearly 
30,000 gal. per day. The water being somewhat 
impregnated with sulphate of iron, during the lat- 
ter stages of the work, a home-made iron pipe 
condenser was used to supply water for drinking 
and cooking purposes. The value of the well can 
be gathered from an experience in bringing down 
one scow load of water, which cost $2.50 at Balti- 
more, but which for towing and other charges 
represented a cost of $69, when delivered on the 
work, and was ali used in one day. 

The first operation on the caisson was to re- 
place by divers some of the plates removed by the 
sub-contractor above referred to. The second 
and third rings, which had been partially taken 
off being re-completed, the tower was built on the 
caisson in the manner illustrated. Seven lengths 
of 2-in. plow steel cable was drawn under and 
around the rings as shown, and both ends of each 
carried over the top of the tower and to the end 
of the boom. A mass of pig lead was bunched into 
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ten weights of 12 tons each and suspended at the 
end of the boom. Three spuds made up of four 
24-in. 80-lb. I-beams 32 ft. long were slipped 
through three of the dredging shafts, and by means 
of saddles given a bearing on the upper side at the 
deck of the caisson, and on the lower side at the 
roof of the working chamber. One of the 12-ton 
weights was hung on the center spud, and one of 
the large derricks above referred to was attached 
to each of the side spuds: Four-part lines rove 
through double blocks were carried to the front, 
rear, and side from the top of the tower on each 
side and the leads*taken to the six drums of 
three double-drum engines. A trench was pumped 
in the mud all around the caisson down to the 
lower edge, and the mud was partially removed 
from in front of the caisson. 

In addition to the force applied directly to the 
caisson itself through the spuds above described, 
extra precautions to prevent the iron rings and 
concrete pulling away from the woodwork at the 
lower side, by reason of an unequal pull on the 
iron and wood, were taken by tying the rings and 
caisson together with 114-in. cable and turn- 
buckles. Hooks were made to go over the upper 
flanges of the third course of plates and over the 
cutting edge of the caisson. Forty of each were 
used, and the pairs fixed together with cable, 
drawn up with turnbuckles, as above, so as to tic 
the iron and timber into one mass, and insure 
the turning the structure as a whole. Most of 
these ties were placed and made up by divers. 

Nearly two months were lost waiting for two 
large derricks, which were bought for May de- 
livery, but finally, on Sept. 29, 1906, everything 
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was declared to be ready and the first effort to 
moye the caisson was set for the next day. 

In estimating the weight, displacement, lever- 
ages, and other factors, it was calculated that 
too tons of lead, acting with a lever arm of 58 
ft. would bring the mass in equilibrium on the 
axis of the center of gravity of the wooden cais- 
son. The additional 20 tons was added to insure 
that the neutral axis should be between the 
center of gravity, about 7 ft. from the deck, as 
planned by the United States Lighthouse engi- 
neers, and the cutting edge of the caisson. 
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On Friday, Sept. 29, when 95 tons of lead had 
been hung in place, that weight aided by about 3 
tons weight of boom and 2 tons of cable caused 
the structure to move forward about 1/16 in. per 
hour. 

Late that evening the balance of the lead was 
hung. A test was made with the hoisting engine, 
and the mass moved forward about 3 ft. Then 
to prevent the forward movement, which kept 
on at the rate of more than I in. per hour, the 
lines to the rear from the top of the tower were 
tightened and everything held in place, until the 
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Wharf Built around the Overturned Caisson. 
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arrival of the invited guests at noon the next 
day. 

On Saturday, Sept. 30, the president of the 
company, the lighthouse officials and guests ar- 
rived. At I p. m. the stops were cast off the 
lines, the word given, and the structure turned 
through about 47 deg. in about as many seconds. 
Everything worked out just as planned and be- 
fore night the divers were down hooking on to 
the lead weights, which had brought up on hard 
bottom. During the next few days, one by one, 
the 12-ton bunches were lifted, and laid on top 
of the tower. The cables to which the lead was 
attached were pulled aside; the boom released 
and floated out of the way, large centrifugal 
pumps with jets attached to the suction pipes were 
started, and the mud under the high side removed 
allowing the caisson to settle slowly into the bot- 
tom. 

Cold weather interrupted the work about Dec. 
1. All the machinery was removed from the 
wharf because of the possibility that the ice, 
which in this particular part of the bay is very 
troublesome, might carry it away. The wharf 
stood, however, and except for the breaking off 
of a few piles, everything was found intact when 
work was resumed in the spring of 1907. 

Early in April, the machinery which had been 
stored on one of the barges, two of which had 
been sunk on the flats in the Magothy River, 
was again installed on the wharf. One of the 
barges was kept afloat and became one of the 
most useful helps on the work. The old hulk 
was never laid off the job, being moved round 
and round the wharf to find a lee when storms 
blew, all of which it outrode gallantly, and there 
was not a point on the wharf where her 7o-ft. 
boom could not be brought to bear to lift and 
perform whatever work the fixed derricks were 
not able to reach. It would have been practically 
impossible to have carried through the work with- 
out an appliance of such kind as this boat provid- 
ed. The two large derricks previously mentioned 
were replaced by a tower and the two 12 x 12-in. 
booms with three and four-part lines for lighter 
and more rapid work. 

The tower was removed from the side of the 


Marcas 14, 1908.. 


caisson; the 2-in. cables were withdrawn from 
around the rings; the spuds were taken out of 
_« the dredging shafts; pumping was resumed, and 
the plates of the fourth, fifth, sixth, and seventh 
courses of iron rings were put in place, most of 
them under water with the aid of divers. This 
brought the structure above water. A 11%4-yd. 
cube concrete mixer was installed, and ten. 20- 
in. 65-Ib. 60-ft. I-beams were thrown across from 
- the two sides of the dock, and floored to secure 
_ additional space.. A cement house and_ other 
_ structures were built. Temporary wooden doors 
were fitted at the bottom of each of the four 
dredging shafts and concrete to the depth of 
about 6 ft. was deposited in each by means of a 
bottom dump bucket. While this concrete was 
settling additional sections of the air shaft were 
added to bring it above water, and preparations 
were made to pump out the cylinder. 

In turning the structure, the cutting edge of the 
caisson, which at the start was about 46 ft. below 
the surface, sank about 11 ft. the movement 
being forward and down at the same time, so 
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that the deck of the caisson was about 36 ft. 

‘below the surface of the bay, when the time 

came to empty the cylinder of water. The dis- 
placement of-the cylinder was about 50 tons per 

foot of depth, and weight to the extent of about 

y 1800 tons had to be provided to prevent the 
structure from jumping out of the water like a 

_ big cork. This was provided by rubble boulders 
weighing from % to 4 tons each, which were 
a) lowered into place by derricks and placed by a 


a? diver. Several scowloads of sand were also 
thrown into the cylinder. Old sails were wrapped 
a around the outside of the cylinder, wound with 
4 many turns of hemp line, hove taut with an engine, 


and the pumps were started to clear it of water. 
At this point came one of the most trouble- 
some and expensive difficulties of the whole opera- 
tion. It had not been considered that emptying 
x the cylinder presented a serious problem, but on 
a trial with a 10 x 8-in. Lawrence centrifugal 
_—s pump with an 8 x 8-in. engine, it was found that 
_ while the water could be lowered about 3 ft. in 
about Ir minutes, it returned at the rate of 300 
cu. ft. per minute, and in 15 to 16 minutes from 
the time the pump stopped the water level inside 
and out was the same. Experiment after ex- 
periment was tried but it was like trying to 
pump out, the bay. 
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Finally a new canvas, 37 x 150 ft., made of 
No. 4 duck was secured, cut to fit the batter 
of the sixth course, and well roped around the 
edge. This was drawn around the cylinder and 
tightened up with an engine. Strips of 1 x 6-in. 
wood were put along the vertical joint inside 
and outside, and the two strips nailed together 
every 6 in. by a diver. This reduced the leakage 
more than half, but the flow was too strong to 
permit laying concrete. Then about 4,000 cu. 
yd. of mud were brought from one of the dredges 
working in Baltimore harbor and dumped in the 
slip between the points of the wharf, after which 
a 3%-yd. clam-shell bucket was used to bank the 
mud around the cylinder. By this means the leak- 
age was reduced to insignificant proportions, and 
thereafter was handled conveniently by a No. 3 
Emerson pump, running an occasional stroke. 
Practically all this trouble, delay and expense 
were caused by the removal of the plates, which 
was the only thing done by the sub-contractor 
who ‘attempted the job after the failure of the 
original contractor. 
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about half way down to act as a weight to hold 
‘down the cylinder while the stone was removed 
from below and the pockets on the deck concrete, 
flowed like quicksand with the strong current and 
every bit had to be pumped or shoveled out be- 
fore the difficulty was overcome. Weeks of valu- 
able time and many thousands of dollars were 
wasted because of this mistake. 

After this difficulty was surmounted, the cylin- 
der was quickly filled with concrete up to the 
middle of the sixth course, the large stone being 
moved from side to side until it was placed on 
the concrete. At no time was the weight allowed 
to drop below the safe load required to hold 
down the empty shell. 

In making the calculations for stability, it was 
assumed that the wooden caisson, which had been 
nearly three years in the bay, had become so 
waterlogged as to neutralize its buoyancy, and 
nothing was observed during the progress of the 
work to change this conclusion. 

The Emerson pump was continued in service 
for nearly three weeks, almost without a stop and 
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Each of the 45-ft. diameter rings were made 
up of thirty cast iron plates about 5 ft. x 6 ft. 
3-in. x 2-in. thick. These plates had 8-in. flanges 
all around and were bolted together by 2-in. 
bolts. 

The specifications required that the joints be- 
tween the plates should be made above water, 
with oakum and red lead. The first four courses 
were made up by the original contractor in that 
manner. The sub-contractor referred to removed 
the fourth course entirely and a part of each the 
second and third courses. All of these plates had 
to be replaced under water by a diver. It was 
practically impossible to make the joints between 
them tight, and when these open joints received 
the pressure from a 30-ft. head the water came 
through in a stream. Very little trouble was ex- 
perienced with the two upper courses, the joints 
of which would have been the only ones to have 
been made under water, but for the removal of 
the other plates. The pressure against them was 
light and it was very easy to pump the water 
down below them, and with pine wedges stop 
such small leakages as showed, but the lower 
joints exposed to heavy pressure and buried un- 
der hundreds of tons of stone, presented a totally 
different problem. The sand, which was to have 
been used as a form to put in a ring of concrete 
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with practically no attention, until the concrete 
was brought above the surface of the bay, a 
sump being left all the way around the deck of 
the caisson.- Iron pipe channels were left at vari- 
ous points leading to this sump. After the pump 
was removed, the sump was closed except for a 
2-in. pipe connection to which a grouting machine 
was attached, and the sump and all of its chan- 
nels pumped full of grout under an air pressure 
of 140 lb. The cubic contents of the sump and 
its connections were very carefully calculated, and 
a sufficient amount of grout was forced in to en- 
tirely fill. the space. Thereafter the surface of 
the concrete was never allowed to get below 
water level. During the period when concreting 
was going on, the air compressor plant was thor- 
oughly gone over, an electric light plant was in- 
stalled and men and material locks were secured. 
A hospital lock was fitted up and a physician ex- 
perienced in the care of men working under 
compressed air placed in charge as medical direc- 
tor. 

The class of labor was rapidly changed. Sand 
hogs were brought from New York under ex- 
perienced foremen. The locks were placed, air 
turned on and the sinking commenced and con- 
tinued without interruption until the end. 

Some of the clay stratum on which the caisson 
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rested when air was turned on, was taken out 
with shovels and a bucket, but most of the ma- 
terial was blown through a 5-in. iron pipe carried 
up in the air shaft and turned overboard. At its 
end it was fitted with a short length of 4-in. 
suction hose, and a 4-in. plug cock served to close 
it when necessary. The material was washed to 
a sump by one or more jets from a 2¥%-in. fire 
shose and nozzle supplied with water by a pump 
on the dock. 

The men worked in two shifts, varying from 
four hours each at the beginning to one hour 
each at the end. The air pressure varied from 
25 to 40 Ib. 

One of the serious troubles the men had to 
contend with at the start of the air work was 
sinking through an old oyster bed or bar at a 
depth of about 60 ft., which evidently had once 
been the bottom of the bay. The oyster shells, 
which were very numerous, clogged the blow 
pipes, cut through rubber boots, gloves and. skin, 
making the progress slow, difficult and painful. 

No man was allowed to go into the compressed 
air until he had been examined and passed by: 
the doctor, and only. two slight cases of the 
“bends” developed; both of which were relieved 
in a few minutes. 

The material lock was fitted with large connec- 
tions and valves so that materials could be locked 
in and out rapidly, but the man lock, which was 
on the side and entirely separate from the other 
one, was fitted only with a 34-in. valve, and so 
rapid ingress and egress was impossible. It is 
common practice on similar work to use as large 
a valve as 2 in. This condition caused consider- 
able complaint on the part of the men at first, 
but they were soon accustomed to waiting pa- 
tiently for decompression. 

During the long delay between the closing of 
the caisson and the putting on of the air, the 
teredo had been very busy in some of the exposed 
parts of the caisson. It was necessary to remove 
some of the bulkhead timbers within the rings 
entirely, but most of those in the working cham- 
ber stood up to the work, the holes being after- 
ward pumped full of grout with the grouting 
machine. The caisson itself was strained slightly 
by the turning, and a few of the caulked joints in 
the working chamber opened slightly. 

No special difficulty was experienced in mud- 
ding up these leaks, although they required con- 
stant attention, and together with the worm holes 
caused a considerable blow-out of air on the 
southeast corner. This leak was not regarded 
entirely as an objection, as it served to keep the 
air in the working chamber in good condition, 
and taken as a means of ventilation not requiring 
more air than would have been otherwise wasted, 
no strenuous effort was made to close it. In, 
addition to the porous sand stratum below the 
blanket of mud at the bottom of the bay absorbed 
a large volume of air, and in calm weather the 
bubbles of air could be seen rising in all direc- 
tions for a long distance from the work. 

After the concrete was started the work never 
stopped night or day until the working chamber 
was filled with concrete, sealed and the air taken 
off. During 1906, and until August, 1907, the 
work was carried on with a small force working 
only one shift. The main volume of concrete 
was placed by three shifts working throughout 
the 24 hours, and for considerable periods, the 
material handled averaged a cubic yard in each 
six minutes. After the concrete reached the sur- 
face of the water, one shift easily placed the ma- 
terial as fast as the caisson sank. 

In filling the working chamber all but the last 
few yards of concrete at the bottom of the cen- 
tral air shaft was dropped through two I2-in. di- 
ameter iron pipe shafts leading through the north 
and the south dredging shafts. These pipes were 
installed when the temporary doors were put in 
the shafts, and built in the concrete as it came 
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up. A 12-in. Jenkins straightway back-pressure 
valve was placed at the top of each to hold the 
pressure and act as a lock. A wooden target 
with a rubber gasket was used at the bottom of 
the pipe to hold the air, when the top valve was 
opened to fill the pipe with concrete from the 
hopper platform. Means were provided to equal- 
ize the pressure with the main air shaft, and the 
arrangement worked reasonably well. Some 
trouble was experienced from stoppages due to 
the long length and small diameter of the pipe. 
It proved that for tubes for this purpose, par- 
ticularly if as long as these, 84 ft., the diameter 
should be not less than 16 in., and 18 or 20 in. 
would probably give better results. 

Outside of the small boiler on the barge, four 
boilers were used; two of them were of the 
marine type of 125 h.-p. each and the other two 
were verticals, aggregating about 100 h.-p. Two 
Class A straight line Ingersoll-Rand compres- 
sors were used, one high-pressure machine of 
1,250 cu. ft. per minute, and the other a low- 
pressure machine of about goo cu. ft. free air per 
minute. Air receivers and an air cooler made up 
of 6-in. pipe carried through a tank of water 
under the pier were provided, and the conditions 
in the caisson so far as the air was concerned 
were at all times pleasant and agreeable. 

A 12%-kw. generator and engine was installed. 
The lights for all the houses and around the out- 
door machinery, and also those in the locks, 
shafts and caisson, as well as the arc lamps for 
general illumination, were attached to this ma- 
chine. 

The number of men employed during the last 
few weeks averaged 115. There was no special 
sickness and only two or three men were sent 
away from the wharf on that account. No one 
was seriously injured and there were but two 
slight casualties during the progress of the work. 
The reasons for this happy condition Mr. Wood 
attributes to the care exercised in picking out and 
looking after the men, to the short shifts, which 
aided in keeping up their vitality, and to the en- 
tire lack of means for dissipation on the part of 
all employed. The rest and food were factors, 
as was also the care taken in securing a pure air 
supply; the ventilating and lighting of the air 
chamber also aided. The provision of only small 
openings on the man lock, which made it abso- 
lutely impossible for any of the men to do other- 
wise than observe the rules of the best practice 
for compression and decompression in entering 
and leaving the caisson was undoubtedly of value. 

Taking into account the number and character 
of the men employed, the length of time for 
which they were engaged, the hazardous nature 
of the work, the remote location and narrow lim- 
its within which a large number of men labored 
and were housed, fed and cared for, the opera- 
tion is remarkable, and in this phase of it Mr. 
Wood takes a great deal of pride. For the rest 
he declines to assume all the credit, claiming that 
for the success attained he is in part indebted to 
Mr. John R. Bland, president, and Mr. J. Kemp 
Bartlett, vice-president of the United States 
Fidelity & Guaranty Co., for their unstinted sup- 
port and co-operation; to Col. R. L. Hoxie, Corps 
of Engineers, U. S. A. Light-House Engineer, 
and to Mr. Murdock, his assistant, for their in- 
terest and consideration at difficult points; to Mr. 
Sangemeister, the chief draftsman in the Light- 
House engineers’ office, who worked out the 
plans for the structure; to Mr. W. C. Flannery, 
the superintendent during the righting of the 
caisson; to Mr. J. A. Prout, engineer and super- 
intendent; to Mr., M. S. Stokes, superintendent 
on the concrete and compressed air work; to Mr. 
F. C. Arthur, U. S. Inspector on the work; to 
Capt. Fred Lankford, assistant superintendent 


from the beginning to the end, and Dr. J. A. Mc- 


Cort, the medical director, all of whom aided 
with many of the practical suggestions, which 


Vorb. "57, Now ti: 


were adopted and carried out. Mr. Wood also 
acknowledges his great indebtedness to the men 
who, through long nights and days of strain, 
stress and struggle, in intense heat and bitter 
cold, in calm weather and with gales blowing, 
often at the risk of life and limb, performed their 
part. As he expresses it: “No matter what his 
ability, no man gets very far or does very much 
except through the loyalty and co-operation of 
those on whom he depends to execute his ideas. 
Therefore after everyone else has been given full 
credit, what is left you. may award to me,” a 
somewhat unique and rather unusual point of 
view. 


Rock Excavation on the Clyde. 


The deepening of the Clyde Channel to a 
minimum of 28 ft. below low water of the spring 
months was completed last year, by the removal 


‘of rock from the Elderslie reef over an area of 


514 acres. The removal of this reef was started 
in 1886 when the minimum depth at low water 
was only 14 ft. The channel was deepened to a 
minimum of 20 ft. by the removal of 110,000 tons © 
of rock. In 1903 it became necessary to further 
increase the depth of the channel and contracts 
were let to Messrs. W. Hill & Co., London, for 
the removal of an additional ledge of 8 it. In 
order to locate the work two parallel rows of 
poles about 300 ft. apart were set up on base lines 
on the bank of the river, the poles in each row 
being on 25-ft. centers. At first the drilling of 
the rock was accomplished from a barge within 
which was a caisson that could be lowered and 
raised by steam winches. The caisson was large 
enough to accommodate six or seven men, and 
contained six Ingersoll-Sargent compressed-air 
rock drills. When at work in the river, the 
position of this barge was regulated from the 
bearings of the poles or stakes already described 
on the south bank, and its distance from the 
base line was measured by means of a wire rope 
with marks every ten feet, wound or unwound 
as required by a reel on the deck of the barge. 
Owing to the difficulty of steadying the caisson 
on the uneven bottom, and the limit to the lengths 
of the’ boring rods which could be used in the 
caisson, this mode of working was found to be 
unsuitable, and the contractors provided barges 
equipped with Ingersoll percussion drills sus- 
pended along one side of the barge by chains 
passing over pulleys on the top of an iron frame- 
work. The drills were slung in guiding frames, 
leaving them free to move up or down as re- 
quired, but not laterally. The boring operations 
in the earlier stages had been carried out in. 
patches, careful record of which was kept on 
charts both by the contractors and the engineer 
of the Clyde Trust, but later it was decided to 
conduct all the boring and blasting operations in 
belts, as had been adopted in ‘the former contract 
of 1886. The belts covered a width of 15 it., 
with six rows of holes in each belt. These rows 
were 2% ft. apart, and the holes, which were 
spaced 5 ft. apart longitudinally, were opposite 
each other in the alternate rows. This mode of 
working provided a free side or face, and allowed 
the dredger to follow the boring barge and lift 
the broken rock, and clean up the surface of the 
next belt to be bored. For the most part the 
depth of rock had to be bored, blasted, and 
dredged in at least two breaks or depths. Under 
this system the work progressed much more 
rapidly, and, as the boring was carried to a depth 
of 30 ft. to 31 ft, below low water, dredging 
was easily accomplished to the desired depth of 
28 ft. below low water. In order to be certain 
that the minimum depth was secured throughout, 
a-diving bell went over the entire bottom. During 
the contract 38,240 holes were drilled to an aver- 


‘age of 6 ft. The dynamite was lowered into the 


holes enclosed in a zinc canister. The total 
amount of rock removed was 340,520 long tons. 
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Ne The Removal of a Tall Steel and Brick 
Smoke Stack. 


At the Lorain plant of the National Tube 
_ Works, a steel smoke stack 225 ft. high and 11 ft. 
in diameter, lined with brick, 14 in, 9 in. and 
4% in. in thickness from the bottom upwards, was 
seated on solid rock with a brick foundation about 
22 ft. in diameter and 30 ft. high above the sur- 
face of the ground, to which the stack was se- 
cured by heavy anchor bolts through its spread 
____ base, thus making it stable without guys. 
“s This stack had served a group of gas furnaces 
for which a new stack had already been built, and 
it was important that it should be removed as 
’ quickly as possible to allow for the completion of 
the skip-hoist without which the’ new furnaces 
w could not be put in operation. It was also very 
important that the bricks should be handled from 


the inside and that there should be no danger of © 


injury to the numerous workmen engaged in the 

immediate vicinity. The fire brick lining was 

valuable, and it was desirable to secure ‘as much 
f salvage from it as possible. 

_ It was, therefore, decided to take down the 

stack from the inside, and for this purpose several 

of the steel shell plates were removed at the base 

} and an opening made through the brick work in 

which 8 x 8-in. timbers 20 ft. long, previously 

_prepared, were inserted. Each timber was fur- 

nished at the upper end with a splice consisting 

of a pair of 9-in. channels 7 ft. long bolted to 

it, flanges in. Access to the top of the chimney 


i, was afforded by an exterior spiral staircase reach- 
ing half way up and by a ladder for the re- 
- mainder of the distance. A hand-line was lowered 


from the top and first a light tackle and then a 
heavy one was hauled up, and a timber was 
hoisted and temporarily placed across the top of 
the stack, from which the tackle was suspended 

' and the 8 x 8-in. timbers were hoisted inside. 
As fast as each timber was hoisted to a verti- 
cal position, the lower end was dropped in the 
' ‘jaws formed at the top of the previous timber by 
the splice channels, and there bolted until finally 
the 8 x 8-in. timbers formed a continuous mast 
essentially equivalent to a gin pole 240 ft. high, 
projecting 15 ft. above the top of the chimney and 
securely wedged and braced and seated at the 

bottom on a timber sill. 

In the bottom of the chimney a horizontal cir- 
cular platform was contstructed with a clearance 
of about 3 in. from the inner walls, and was 

_ hoisted to the top of the chimney by a tackle at- 
- tached to the upper end of the 8-in. timber. This 


platform was made with center clearance for the - 


pole, and was hoisted to within 5 ft. of the top of 
the chimney, where it was supported additionally 
by four safety chains from the upper edge of the 
\ chimney shell. The mast was braced intermedi- 
ately by sets of double 2 x 8-in. radial strips at 
right angles to each other nailed across it about 
a, 20 ft. apart vertically on alternate faces and en- 
* "gaging the interior walls of the chimney. 
f A double-drum hoisting engine was located on 
the ground near the foot of the chimney and lines 
from it led up through the chimney over the 
sheaves at the top of the pole, and operated two 
half-barrel buckets in which the brick furnished 
by the demolition of the lining were lowered 
through trap doors in the bottom of the working 
platform. After the brick was taken down to the 
platform level, the rivets were cut out of the steel 
» plates in the shell of the stack and the buckets 
being disengaged from the hoisting lines, the lat- 
ter were attached to the plates and they were 
lowered on the outside of the stack. 


g _ found that the safety chains provided to support 
the platforms from the chimney shell were un- 
i necessary and that even if the tackles supporting 
it from the top of the mast were released it would 
held i in position v the 6 x 1%4-in. . cleats nailed 


After work had been well commenced it was 
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across the mast to serve as an emergency ladder. 
As fast as each 6-ft. course of the chimney was 
removed, as above described, the platform was 
lowered 6 ft. by its tackles from the top of the 
mast, another course of bricks and steel plates 
were removed, and so on for about 30 ft. The 
platform was then secured temporarily by the 
safety chains and a man climbed to the top of the 
mast, lowered the tackles to the platform, and 
about 20 or 30 ft. of the mast was then cut off, 
leaving it projecting at least 10 ft. above the plat- 
form, when the tackles were again connected to it 
and the operations were repeated. Three ten-men 
eight-hour shifts were employed continuously for 
two weeks in retnoving the chimney, about one- 
half of the time being necessary to cut out the 
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Falsework and Tackles. 


rivets in the steel plate. All of the bricks were 
saved in good condition, so that they were avail- 
able for rebuilding. 

The contract time allawed only three weeks for 
the execution of the work, and it indicates the 
care and efficiency with which it was accomplished 
is indicated by the fact that in two weeks the 
work was entirely completed without any accident 
or injury to surrounding property. 

The work was designed and executed by John 
Eichleay Jr. Co., Pittsburg, Pa. Mr. J. P. Eich- 
leay being in personal charge of the work. F. W. 
Waterman was the Tube Co.’s engineer in charge. 


An Unusuatty Larce ENGINE installed by the 
C. & G. Cooper Co. at the billet mill of the Du- 
quesne Steel Works has 42 and 74-in. by 60-in 
cylinders. The valve gear has the inlet cranks 
direct-driven from rock arms without the use of 
wristplates, while the exhaust’ valves are operated 
from wristplates. The admission and exhaust 
motions are actuated from separate eccentrics. 
The governor is driven by three I-in. ropes with 
a tension device which will close the admission 
valves if the ropes break or slip. The engine has 
a 25-in. hollow bored crank shaft with a 27-in. 
wheel seat for a 22-ft. fly-wheel weighing 
52,000 lb. 
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A Concrete and Earth Diversion Dam in 
California. 


The John Days diversion dam on the South 
Fork of the Eel River in Mendocino County, 
California, is a concrete and earth structure hav- 
ing a total length of 630 ft. on top. The con- 
crete portion of the dam is a gravity-section spill- 
way, 350 ft. long at the crest, and with a maxi- 
mum height of 73 ft. The balance of the dam is 
an earth embankment, having a thin concrete core 
wall to prevent percolation and the burrowing of 
animals. Owing to the character of the stream 
on which the dam is built, and to the foundation 
conditions existing at the dam site, the design 
involves various features of interest. 

The Eel River has a watershed above the dam 
site of 324 square miles of broken, mountainous 
country. No flood or rainfall records in regard 
to this watershed were available when the dam 
was designed, except rainfall observations for 
two and one-half months at the dam site and 
three stream-discharge measurements at the same 
point. Since such a lack of records frequently 
exists, especially in the western part of this 
country, the method used to arrive at the neces- 
sary capacity of spillway is worthy of explana- 
tion. 

The only rainfall or stream-flow information 
relating. to the situation, aside from that men- 
tioned above, were continuous rainfall records at 
Ukiah, 22 miles ‘southwest and at Willits, 20 
miles west, for a number of years preceding and 
including the two and one-half months during 
which rainfall records were taken at the dam 
site; and the flow-lines of maximum floods as in- 
dicated by debris-marks. Since it is well known 
that in California rainfall intensities often vary 
greatly in short distances, the only use to which 
the Ukiah and Willits rainfall records could be 
put was to establish relations between them and 
the rainfall of the area above the dam site. 

A careful study, in connection with the de- 
termination for power-consideration of the least 
yearly rainfall above the dam site, showed that 
the rainfall at John Days was about 140 per cent. 
of that at Ukiah and about.75 per cent. of that 
at Willits. The rainfall at Willits is about 160 
per cent. of that at Ukiah, so the John Days 
rainfall, in terms of the Ukiah, is 140 per cent., 
if deduced from the Ukiah, and 120 per cent. if 
from the Willits records. The mean, or 130 per 
cent., was accepted as a fair relation between the 
rainfall at John Days and that at Ukiah. The 
relationships were established by careful compari- 
sons of the daily rainfalls at John Days, Ukiah 
and Willits, using the daily records cumulatively. 
and otherwise. The 130 per cent. relation estab- 
lished is for the dam site, the lowest point of the 
watershed, and for periods of ordinary rainfall. 
For spillway considerations only maximum rain- 
falls need be considered and for such rainfalls, 
and also for the more mountainous areas consti- 
tuting the drainage-area above the dam site, it 
was assumed that double the rainfall at Ukiah 
must be considered probable. 

Three independent methods were employed to 
check the spillway-flow for which provision should 
be made. The maximum probable flow was esti- 
mated, first, from the debris marks; second, from 
the maximum rainfalls; and third, from a con- 
sideration of the maximum known rates of flow 
per square mile on other drainage areas. 

The debris marks were made use of in two 
ways; first, by computing the discharge by the 
Chezy formula, v=cVrs, and second, by a 
somewhat novel way to be described. In the 
first way the coefficient » was assumed 0.035, the 
slope was that shown by the debris, and the 
hydraulic radius was for the section below the 
debris marks. Four sections, equally spaced over 
300 ft. of the stream, were considered and the 
flows thus computed were, for the two middle 
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sections, 114,000 and 138,000 cu. ft. per second, 
respectively. The corresponding mean velocities 
were, however, 35.0 and 35.5 ft. per second, be- 


yond all reasonable limits. The probable explana- . 


tion is that the flow causing the debris marks was 
not a case of “uniform flow,” to which class alone 
the Chezy formula applies; and hence the slope 
shown by the debris marks was not indicative of 
the true velocity. 

The second use made of the debris marks was 
in connection with the three meter gagings which 
had been made at these sections, showing actual 
flows of 7,735, 1,300 and 9098 cu. ft. per ‘second, 
respectively. In these gaugings the velocities were 
measured directly and the hydraulic radii were 
derivable from the plotted cross-sections; and 
when plotted on rectangular coordinates, with 
the mean velocity and the hydraulic radius values 
respectively as ordinates and abscissas, the three 
points were found to lie in a practically straight 
line and to give a relation: mean velocity = 0.85 
+ 0.62 X hydraulic radius. 

This formula, applied to sections below the 
debris marks, gave flows for the two intermediate 
sections of 39,000 and 33,000 cu. ft. per second, 
respectively, with corresponding velocities of 9.4 
and 8.4 ft. per second. These velocities are en- 
tirely reasonable and probably not greatly in 
error. It also seems that this method of com- 
puting maximum flood-flows from debris marks 
and measured lower flows may often be much 
more reliable than the ordinary one making use 
of the sections and slopes shown by debris marks. 
The hydraulic radius is the most characteristic of 
any element of a section; and the necessity of 
selecting a coefficient 2 and a slope is avoided. 
Whether such a plotting of points result in a 
straight line or a curve, it would seem that higher 
values of velocity obtained by projection would 
be more free from arbitrary assumptions and 
probably much nearer the true, but unknown ve- 
locity, than would be results obtained by using the 
Chezy formula in connection with the debris 
marks. 

The great disparity between the results ob- 
tained by the above two methods, also the uncer- 
tainty as to whether the debris marks were from 
the absolute maximum flood, made it necessary 
to check the maximum discharge in other ways. 
For this purpose general considerations of rain- 
fall and runoff were used. 

The first. element in the rainfall consideration 
was naturally that of the maximum rates of rain- 
fall which have occurred at the nearest long- 
period rain-gauge stations. The only daily rec- 
ords available were those at the town of Ukiah, 
22 miles from the site, and these were for only 
II years prior to the design of the dam. These 
records showed that on Jan. 13, 14 and 15, 1804, 
the rainfall at Ukiah was respectively 0.40 in., 
5.30 in. and 1.41 in. It was of course probable 
that during some 24 consecutive hours, beginning 

- on January 14 and ending January I5, a precipita- 
tion occurred materially in excess of the 5.30 in. 
recorded for January 14. The principal other re- 
corded high rates of rainfall were on January 3 
and 4, 1895, and on January 2, 3 and 4, 1901. On 
the two former dates, 1.75 in. and 4.07 in. of 
water fell, respectively, and on the three latter 
dates, 1.21 in., 4.40 in. and 0.85 in., respectively. 

As before explained, the maximum rainfall for 
the area above the dam site is probably double 
that at Ukiah. From the available records this 
would give a probable maximum rainfall of 10.6 
in. in 24 hours. In this connection it is notable 
that the Lick observatory on Mount Hamilton, in 
the same mountain-range, but about 150 miles 
south of John Days, with a mean annual rainfall 
less than that of Ukiah, has a recorded maximum 
storm as. follows: 1884-Dec. 19 = 4.86 in.; Dec. 
20 = 3.14 in.; Dec. 21 =9.05 in.; and Dec. 22— 
2.35 in. The 0.4 in. of rain at Ukiah on the day 
preceding the heaviest rainfall-there, and the two 
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days of heavy rainfall at Lick observatory before 
the day of the maximum rate, make it probable 
that the runoff on days of maximum precipitation 
equalled the rainfall in both cases. 

It was therefore considered that a runoff of as 
much as Io in. in 24 hours from the catchment 
area of the Eel River in the 11 years preceding 
the construction of the dam was not improbable. 
Such a rate of daily runoff equals 7,540 millions 


of cubic feet for the 324 square miles of catch- © 


ment area, or an average of 87,300 cu. ft. per 
second for*the 24 hours. Previous experience 
with floods on catchment-areas of ‘streams in the 
same mountain-range had shown that the maxi- 
mum rate of a flood on such streams is about 50 
per cent. greater than the average of the maxi- 
mum 24 hours. This condition gives a maximum 
flood-rate for the Eel River catchment-area of 
perhaps 131,000 cu. ft. per second. 

Warm rains falling on heavy snows also oc- 
casionally increase the runoff from this catchment 
area. One instance of this kind is known when 
18 in. of wet snow fell in three days and was 
immediately followed by three days of heavy, 
warm rain which melted the snow in about two 
days. The volume of water produced by such a 
combination of conditions is naturally large. 

The final general consideration in fixing the 
maximum rate of flood which might occur was 
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the maximum rate per square mile which had been 
observed in other catchment-areas. The South 
Fork dam near Johnstown, Pa., failed under a 
flood which at its maximum reached 215 cu. ft. 
per. second per square mile. One authority on 
stream flows in the West, states that sudden great 
storms in that rebion may cause a maximum flood 
discharge, for short periods of time, as great 
as 300 cu. ft. per second per square mile of catch- 
ment area. It has also frequently been advised 
for works in the vicinity of Boston and New 
York that spillways be proportioned to discharge 
a runoff equal to 6 in. per 24 hours over the 
entire watershed, which is several times the 
largest measured rainfall in that locality. The 
131,000 cu. ft. per second deduced as shown is 
equivalent to 405 cu. ft. per second per square 
mile for the 324 square miles of catchment-area 
above the John Days dam. A rate of 300 cu. ft. 
per second per square mile gives 97,200 cu. ft. 
per second for the whole area. Theory, observa- 
tion and practice, however, were believed to in- 


* 


dicate that 100,000 cu. ft. per second, which is at 


a rate of 309 cu. ft. per second per square mile, 
was a reasonable allowance for. floods in propor- 
tioning a spillway for the large though prac- 
tically unknown catchment-area above the dam. 
Foundation and topographical conditions lim- 
ited the length of the spillway that could be safely 
and economically built. The channel of the river 
was rock, the surface of which was irregular, 
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transversely with the stream. The rock rose on 
one’ side of the channel, but dropped away quite 
abruptly on the other side, the river bank on that 
side being of earth to a considerable depth in an 
ancient channel. One end of the spillway was 
thus limited to the point where the abrupt drop 
in the rock occurred, and the length of the spill- 
way was dependent on the amount of rock ex- 
cavation which could be done economically on 
the other side of the channel. The volume and 
length of this rock excavation was governed, as 
nearly as practicable, by the amount of crushed 
stone needed for the concrete. 

Based on these conditions, it was found prac- 
ticable to secure a spillway at least 350 ft. in 
length, aboutg 80 ft. of which at one end 
would be in the rock excavation. The Francis 
formula for discharge over wide-topped weirs, 
h a Q = (3.01 X 1) in which h = depth in feet 
of water over the crest, Q =discharge in cubic 
feet per second and J/=lJlength in feet of spill- 
way, was used to determine the depth of water 
over the crest. This #4 was 19.63 ft. for the as- 
sumed maximum flood, of 100,000 cu. ft. per sec- 
ond. No reduction in depth of spillway was made 
on account of storage in reservoir above the spill- 
way-lip, as the reservoir was small and a flood of 
100,000 cu. ft. per second would discharge freely 
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Prorite oF JoHN Days Dam DEVELOPED BY COMPUTATION 


and Others of Similar Section. 


over the spillway and at the same time raise the 
water in the reservoir to a height of 20 ft. above 
the crest in one hour and 50 minutes. 

In fixing the dimensions of the spillway, how- 
ever, provision was made for the possibility of 
floods in excess of 100,000 cu. ft. per second. 
With the 350 ft. of spillway that could be made 
available, 100,000 cu. ft. per second would cause 
the depth of 19.63 ft. on the spillway, or in round 
numbers 20 ft. To this there were added 5 ft. 
for waves on the reservoir and 3 ft. simply as a 
further safeguard. A 23-ft. overflow depth .would 
allow a discharge of 127,000 cu. ft. per second 
and a 26-ft. overflow depth, with 2 ft. allowed 
for waves and no added safety provision, a dis- 
charge of 153,000 cu. ft. per second or at the 
rate of 472 cu.. ft. per second per square mile. 
In addition, the final plans provided a spillway 
335 ft. in length. It is believed that, even though 
the maximum flood-conditions are unknown, the 
spillway provisions are thus ample for any con- 
tingencies which may arise. It is worthy of men- 
tion that within six months after the plans were 
made a measured flood having a maximum rate 
of 46,000 cu. ft. per second passed over the un- 
completed dam. 

At the end of the spillway section, close to the 
drop in the surface of the rock, a long wing- 
wall was built parallel with the river channel to 
retain .and protect the earth-embankment section. 
This wing-wall and the embankment were built 
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to a height of 28 ft. above the crest of the spill- 
way, 20 ft. for floods, 5 ft. for waves and 3 ft. 
merely as an extra precaution. This unusual 
depth of spillway and provision for floods en- 
tailed in this instance only a small additional 
cost, as the entire embankment contains only 
17,000 cu.. yd. of earth and the wing-walls only 
4,130 cu. yd. of concrete, only small proportions 
of which could have been saved by a few feet 
less depth of spillway notch. 


In designing the cross-section of spillway it 
‘was assumed that during the maximum probable 


flood the crest would be overtopped by water to 
a depth of 20 ft. The assumption was also made 
that if the falling sheet of water should shoot 
clean of the downstream face of the spillway, the 
additional horizontal pressure against the latter 
produced by the resulting partial vacuum would 
be equivalent to that from an addition of one- 
third to the assumed maximum depth of water 
over the crest. The section of the spillway is 
therefore proportioned for pressures resulting 


from a water surface 27 ft. above the crest of 


the dam, 20 ft. from floods and 7 ft. for the 
added one-third due to the extreme possibility of 
the water passing free from the downstream face. 
The weight of the water directly over the spill- 
way was neglected, as was also the effect of back- 
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made, then, if neecssary, new assumptions and 
computations were made until the “middle-thitd 
requirement” was satisfied. The values given in 
the second to the seventh columns, inclusive, were 
derived by ordinary methods. The values in the 
remaining columns were computed as follows, the 


-numbers in parentheses representing correspond- 


ing values in different columns: 

Column (8)=¥% (1)—(3); column (9) = 
(3) + 1(6) X% (5)] —% (1); column (10) = 
¥% (1) — (8); column (11) = % (1) — (9); col- 
umn (12) = (2) + (1); column (13) = (12) X - 
[(1) + (6) X (9) +(1)]; column (14) = (12) 
Xx [(1) + (6) X (8) + (1)]; column (15) = (4) 
=z ei ecOlumi (16)e—= (5) =-"(1)> column (a7) 
= (5) + (2). 


Various requirements of design were fixed in 


_ advance, these requirements, except the shearing 


stress, being selected from different recommenda- 
tions for the Cornell dam of the New York City 
water-supply system: Owing to the small height 
of the John Days dam, the maximum water-pres- 
sure considered was equivalent to only 100 ft. in 
depth and the specified limits of pressure were 
not.approached. The various requirements are as 
follows: (a) The lines of resultant pressures 
must lie within the middle third of the base for 
all base planes, whether the reservoir is full or 
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the dam. This cannot be remedied, either, due to 
the same lack of masonry weight, but an addition- 
al weight of 8,900 lb. of overlying water such as 
would be occasioned by a mass of water 20 ft. 
deep and 7 ft. wide will bring the worst case 
within the specified limits. This condition, which 
would be close to the fact, and the small shearing 
stress in the upper part of the dam, together with 
the climatic impossibility of ice-forces, were be- 
lieved to make it permissible that the sliding co- 
efficents be somewhat less than two-thirds for 
the upper portion of the section. 

The profile cross-section of the spillway of the 
John Days dam is compared in an accompanying 
illustration with the profiles of three other well- 
known dams in this country. These three dams 
were all built of large-block rubble masonry, 
which is stronger and heavier than the concrete 
used in the John Days dam. Furthermore, the 
Cornell dam is, and the Austin dam was, faced 
on both the upstream and the downstream sides 
with large-block cut-stone masonry. The com- 
parative strength and safety of the John Days 
dam are therefore somewhat less than indicated 
by a comparison of the profiles only. 

The choice between a stepped and a smooth 
downstream face for an overflow dam was con- 
sidered to be largely a matter of individual prefer- 


water below the spillway, though the surface of empty. (b) The factor of safety against over- ence, since there are many instances of both 
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the back-water is only 45 ft. below the spillway 
crest, even at low stages. These severe assump- 
tions and the 7 ft. added to the pressure were 
largely from a recognition of the more severe 
conditions, in comparison with an ordinary im- 
pounding section, to which a spillway section is 
subjected. The further assumption was also made 
that there would be no upward hydraulic pressure 
on the base of the dam. Since a rock abutment 
could be secured at only one end, no additional 
strength was to be gained by making the spillway 
portion of the dam curved or arched in plan. It 
was therefore built on straight lines, with one 
angle, following the highest lines of the site and 
thus saving masonry. 

* The computations for the design of the spill- 
way section were made by the usual methods for 
computing gravity-section dams. These methods 
were believed to be so generally accepted, and 
dams designed in accordance with them to have 
been so generally successful that they were con- 
sidered as standard. Computations were made of 
the forces and weights acting above parallel base 
planes, as-shown by elevations in the first column 
of the accompanying Table I, and for a transverse 
vertical section or lamina of the dam 1 ft. wide. 


Each of these base planes is at the foot of a step 


on the downstream face of the dam, and seven- 


7 teen dimensions, forces and stresses were com- 


‘or it. The elevation of the base plane and 
ee thickness of the dam shown in 


turning above any base plane must not be less 
than two. (c) The water pressure against the 
back of the dam above any base plane shall not 
be more than two-thirds, the weight of the ma- 
sonry above that plane, or in other words, the 
sliding or shearing coefficient shall be less than 
two-thirds. (d) The shearing stress in any base 
plane shall not be more than 8,000 lb. per square 
foot, this being about one-half the allowable stress 
in compression. (e) The maximum computed 
vertical pressure in any base plane shall not ex- 
ceed 16,000 lb. per square foot for the down- 
stream, and 20,000 lb. per square foot for the up- 
stream face. The limiting pressures adopted in 
this case are not very important, as the small 
height of dam restricts the maximum pressures 
below even these low limits. 

The computed values to be compared with the 
five requirements are all contained in Columns 10 
to 17 of accompanying Table I. From these it is 
evident that the requirements are practically met 
by the section adopted. At the same time, in the 
case of the reservoir empty the center of gravity 
is so far within the middle third of the base as 
to appear uneconomical. This is unavoidable, 
however, as the absence of masonry weight for 
the upper 27 ft. of water-pressure with the reser- 
voir overflowing makes it impossible to keep the 
resultant near the limit of the middle third when 
the reservoir is empty. The requirement that the 
sliding. coefficient be less than two-thirds is also 
apparently not satisfied for the upper 44 ft. of 


forms in successful use. The smooth face is held 
to save wear on the dam at the expense of per- 
mitting wear on the river bottom; while, on the 
other hand, the stepped face reduces the scour 
in the river bed, although the steps are probably 
not very effective in this way except for low 
overflows. The principal reason for the choice 
of steps for the face of the John Days dam was 
a greater convenience and simplicity in the use 
of forms during construction. 

The wing-wall which separates the spillway sec- 
tion from the earth-embankment section cannot 
be considered merely an auxiliary structure in 
this dam. In fact, it is so important that its fail- 
ure would probably be followed-by large slides in 
the embankment, a failure of the core-wall and 
the eventual passage of the whole flood through 
the embankment section and a change of the river 
to its ancient channel. No attempt was made, 
however, to fix the section of the wing-wall by 
computation, as no satisfactory method of making 
such computations was considered to exist. The 
section chosen was made 5 ft. wide on top and 
with a 1 to 6 batter on both sides. This section 
is somewhat thinner than the well-known Traut- 
wine sections, bécause practice at the Titicus 
and Cornell dams of the New York water supply 
system was taken to justify such a reduction; 
and also because it is known that considerable 
masonry can be removed from the back of a re- 
taining wall without causing much consequent 
reduction in stability. The section was made 
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thicker than the wing-wall at the Cornell dam, 
however, because, being of concrete, it is both 
lighter and weaker in proportion than that wall, 
and also because it is subject to the shock and 
action of floods, which is not the case at the 
Cornell dam. The 1 to 6 batter on the back 
face of the wall was adopted in order to secure 
a slight vertical pressure from’the embankment 
and thus increase the stability of the wall to 
some extent. 

The wing-wall has a total length of 185 ft. 
and an extreme height of 50 ft. 
for a length of 10 ft. at the crest and is on a I 
to 3 batter upstream and 1:2% batter down- 
stream from the dam. The wall is built on rock, 
except for a.length of 75 ft. at the upstream end, 
where it is on earth. Where rock foundations 
were obtainable, the rock was blasted out in such 
manner as to give the outer toe of the wall a 
slight penetration to prevent sliding. On earth 
foundation the bottom of the wall was sloped 
down from the front to the back and a shoulder, 
15 in. wide and 3 ft. thick, was built at the outer 
toe for sections above 20 ft. in height. In order 
to reduce pressures on the wall, the surface of the 
steep hillside behind it was cut in steps be- 
fore the embankment material was placed. For 
the same reason, the material was placed in 
layers inclining upward to the wall and was 
thoroughly wet and compacted while being 
placed. 

The earth embankment is 10 ft. wide on top 
and has slopes corresponding to the slopes of the 
wing-wall, 2% to 1 on the downstream, and 3 to 
I on the upstream side. The upstream slope was 
rip-rapped to a vertical height of 5 ft. above the 
expected maximum flood-level to avoid damage 
from wave-action. The toe of a portion of the 
downstream slope is below the maximum water- 
surface on that side and is also rip-rapped. In 
addition to the protection against percolation af- 
forded by the concrete core curtain wall, four 
trenches were excavated at about equal dis- 
tances apart in the natural ground under the 
site of the upstream side of the embankment. 
Three of these trenches are parallel to the core 
wall and the fourth is near and parallel with the 
toe of the embankment. 

The core wall is on a rock foundation for 
about 35 ft. from the wing wall, and in this 
length is 4 ft. wide on top, with a batter of 1 in. 
to 1 ft. on both faces. The remainder of the 
wall is on a sandy earth foundation, and con- 
sists of an 8-in. concrete curtain wall, re-inforced 
with a layer of expanded metal, on a concrete 
base 3 ft. wide and 2 ft. deep. This thin portion 
of the wall has its base in a trench varying from 
15 ft. below the natural surface, where the earth 
foundation starts, to 3 ft. at the outer end of the 
wall. At the dividing point between the earth 
and rock foundations a well, 2 x 4 ft. in cross 
section, was extended from the top to the bot- 
tom of the wall. This well was provided to cause 
a weakness in the wall where the foundation 
changes, thus localizing the cracking likely to be 
caused by settlement of the earth foundation. 
After the embankment had been completed, as the 
settlement had probably nearly ceased, the well 
was filled with soft concrete. This detail is 
copied from a similar one employed by the late 
Mr. Alphonse Fteley in the Titicus dam of the 
Croton water supply system of New York 
City. 

The dam was designed by Mr. Edwin Duryea, 
Jr., consulting engineer, of San Francisco, to 
whom this journal is indebted for the detailed 
information presented herewith, which is taken 
from drawings and notes embodying the de- 
sign. The larger portion of the construction of 
the dam was carried on in the fall of 1905, but 
due to a suspension following the San Francisco 
fire, the dam was not finally completed until the 
summer of 1907. 


The top is level . 
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Concrete Highway Culverts and Bridges 
in Iowa. 


Some statements recently presented to the Iowa 
Engineering Society by the Iowa State Highway 
Commission indicate that concrete structures will 


be introduced on road improvements in Iowa in 


1908 more extensively than during any previous 
year. It is pointed out in this connection that 
the location will in a large measure determine 
the form and design of the structures, for the 
different glacial areas of the State present very 
different and greatly varied conditions. For in- 
stance, in that part of the State lying south of 
the main line of the Rock Island R.R., there are 
numberless water courses with branches reaching 
into almost every quarter section of land. These, 
while dry during most of the year, during wet 
periods become small but very wild little streams 
whose action carries destruction to the flimsy 
wooden culverts and small bridges now generally 
used. The watersheds are in general steep and the 
water reaches the stream courses quickly and is 
as quickly gone. In such places concrete culverts 
with wing walls are peculiarly adapted to the lo- 
cation, and in many cases a small culvert will 
replace a fair-sized bridge. The Commission re- 
placed, in one instance, a 20-ft. wooden bridge 
with a 2 x 3-ft. culvert, which has since carried 
off the water satisfactorily during one of the 
heaviest storms that locality has experienced in 
recent years. 

There is another kind of topography along each 
of the Iowa boundary rivers, which is very rough. 
In the western part of the State the streams flow 
in a general southwesterly direction somewhat 
parallel to the Missouri. Tributary to them are 
many smaller creeks and streams which have nar- 
row valleys with steep slopes to the highlands 
on either side. These valleys are subject to oc- 
casional heavy storms, confined often to the valley 
limits, and the water courses are deep cut, being 
in many cases 25 to 30 ft. from the ordinary 
flow-line to the floor of bridges over them. A 


single storm may carry away wooden structures, 


for miles along a stream. In such places heavy 
arch or flat-topped culverts of 12, 16 or 20-ft. span 
have proved satisfactory when subjected to severe 
tests. 

In the north, central and eastern Seco of the 
State, the. stream gradients are comparatively 
flat, the water courses are tortuous and the.bank 
on at least one side is low. For these streams 
the slab or girder type of culvert seems pre- 
ferable, as the headroom is limited and usually 
the streams will be out of their banks and flow- 
ing over the road grades before rising very 
much. A waterway sufficient to take the ordinary 
flow is entirely adequate. 

In the use of cement and concrete the character 
of the material should always be kept in mind. 
The first cost of concrete like any other masonry 
should be the total cost, and so far as this kind 
of construction is employed, it should be designed 
and constructed with a view to developing its 
“masonry properties” rather than its “structural 
steel” properties. Thin, flimsy sections have no 
legitimate field in the improvement of highway 
bridges which are being subjected to the con- 
stantly increasing traffic both in volume and 
height. . 

Concrete for bridge floors is a new use of this 
material to most sections of the State, but it is 


“now beginning to find favor in some counties, and 


will undoubtedly increase in importance. When 
it is considered that the life of plank bridge 
floors on main traveled roads is only three to five 
years, some idea may be gained of the desirability 
of adapting bridges to a heavier but more per- 
manent floor material. In Illinois this plan has 
been very successfully used. The Iowa Highway 
Commission is now designing some steel struc- 
tures with such floors. The material required for 
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the floor and curbs of a 60-ft. steel ivides is 
about 17 yd. of reinforced concrete. 

The largest failure of concrete work in the 
State during 1908 was that of a 45-ft. girder-type 
reinforced concrete bridge in Hancock County. 
The bridge was completed about the middle of 
September and the forms taken out. sometime 
about Dec. 5. Prof. Thos. H. MacDonald, high- 
way engineer of the Commission, visited the site 
on Jan. 3, but the structure was so completely 
demolished that any very definite facts could not 
be observed. — 

The structure apparently had consisted of two 
girders each 18 in. wide by 7 ft. deep by 45 ft. 
long, reinforced by fourteen I-in. round steel 
rods, ten of which ran along the bottom of the 
girder and down into the abutments. Four or 
possibly five of these rods were bent up about 
8 or Io ft. from the center, ran along near the 
top of the girder and thence downward into the 
abutment. : 

The floor system was arched longitudinally with 
about an 18-in. rise and reinforced with 5-in. 
round steel rods about Io in. on centers longi- 
tudinally and transversely. The number and 
spacing of these bars was not very uniform, and 
the size or number given is only approximate. 
The thickness of the floor was apparently 6 to 8 
in. The longitudinal rods were bent downward 
into the abutment and the transverse bars were 
bent at a go-deg. horizontal angle about 6 in. 
from each end and extended into the girders. An 
earth filling of about 8 to 10 in. had been placed 
over the floor. 

A man living near the bridge who helped take 
out the forms reported that the forms had been 
taken out on a Thursday, that a crack had ap- 
peared on Friday in the north girder, beginning 
at a point about midway between the center and 
the abutment and running from the bottom up- 
ward diagonally toward the center. This crack 
increased in width and the bridge collapsed early 


. Sunday morning. This crack was partially: dis- 


cernible in the shattered pieces and apparently 
had been a typical tension failure crack, such as 
appear in beams tested to destruction. It seemed 
apparent to Prof. MacDonald from the examin- 
ation of the structure that the failure was caused 
by faulty workmanship, poor grade of concrete 
and a poor design or a poor execution of the 
design rather than by any one of these causes 
alone. : 

The evident failure of the bridge was in the 
body of the bridge and not at the abutments. 
Among the facts noted which bear out this view 
are the following items: The concrete in the 
structure was brittle and in many cases small 
pieces could be broken off readily with the fin- 
gers. The bars were not spaced uniformly and, 
especially in the girders at the ends, were so close 
together that apparently the concrete had not 
come in contact with many of the bars. The 
gravel was obtained from a bank at the site, and 
while it is a good quality of bank gravel it is not 
uniform. in size and, if used directly from the 
bank, a non-uniform concrete would result. 

In this same county a 36-ft. reinforced concrete 
arch span constructed during the fall was put up 
in such shape that it was necessary to tear down 
this structure for' fear of its collapsing when 
the forms were removed. The cause in this case 
was apparently a poor grade of concrete used 
and a further injury from frost. 


Tue Paciric Extension of the Chicago, Mil- 
waukee & St. Paul Ry. system will probably be 
completed through to the Coast in April, accord- 
ing to a statement given out on March 6 to the 
press by President A. J. Earling. The rate of 
construction that has been maintained during the 
building of this line, which has a roadbed 
of the best character, has probably never been 


equalled. 
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Heating and Ventilation of the Madison 
Square Presbyterian Church, New York, 


With the recent extensions of the office build- 
ing of the Metropolitan Life Insurance Co. to 
cover the entire block bounded by Madison and 
Fourth Avenues and 23rd and 24th Sts., New 
York City, the Madison Square Presbyterian 
Church, so long a landmark of the city, at the 
southeastern corner of Madison Ave. and 24th St., 
has been replaced by a new edifice on the oppo- 
site corner. In the desire of the insurance com- 
pany to obtain possession of this remaining sec- 
tion of the block, 60 x 100 ft. in size, occupied by 
the church, upon which to erect its 658-ft. tower, 
‘ now Nader! construction, arrangements were made 

_ with the church authorities to secure the plot by 
ae replacing the original church by a new structure 
on the opposite corner of 24th St. Messrs. 
McKim, Mead & White were retained to draw 
plans subject to the approval of the church 
authorities. 

The heating and ventilation of the new build- 
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The church building consists of a 75 x 110-ft. 
domed edifice of an attractive architectural de- 
sign, at the rear of which, on the 24th St. side, 
there is a 45 x 83-ft. parish house, which adjoins 
the 75 x 100-ft., 16-story annex building of the 
Metropolitan Life Insurance Co. on the northerly 
side of 24th ‘St. It is constructed of a special 
ornamental brick, with portico on the Madison 
Ave. front, and finished with ornamental trim- 
mings im terra-cotta and an attractive tile dome. 
The main church auditorium is 70 x 8o ft. in 
interior dimensions and rises, with gallery, on 
three sides, to an interior height of 66 ft. at the 
base of the dome. There is a basement under the 
entire site and the parish house, which is two 


‘stories and mezzanine in height, provides for a 


38 x 44-ft. gymnasium in the basement, above 
which is a lecture room of similar size occupying 
the first floor, and a Sunday school room on the 
second floor. The remaining portions of the three 
floors of the parish house or the front, each 
32 x 38 ft. in size, are devoted to class, study and 
auxiliary rooms. 
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and is under thermostatic control in all parts of 
the building. The design of the system is to heat 
the entire building uniformly to 70 deg. Fahr., in 
zero weather with steam supplied to the radiation 
at a pressure not exceeding 3 lb. The cast-iron 
radiation installed is of the Peerless type of the 
American Radiator Co., of the 38-in. height for 
the greater part, and of the Excelsior type of the 
same company in an indirect stack for reheating 
the fresh air supply to the corridor of the parish 
house. In the case of special circulating flues 
only, underneath the south gallery windows of 
the auditorizm, are special radiators used, the 
limitation of space at these points requiring the 
use of the Bundy two-row radiators. The church 
is heated above the basement by a total of 2,239 
sq. ft. of radiation, including the heating surface 
installed in entry-ways and auxiliary rooms. Of 
that in the main auditorium, 652 sq. ft. is installed 
on the main floor level, 612 sq. ft. in the galleries 
and 457 sq. ft. in pipe coils on the ledges of the 
ornamental cornice construction both surrounding 
the side walls and at the base of the dome. 
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' Heating and Ventilating Arrangements on Main Floor of Madison Square Church, 


ing has been looked after with unusual care and 
both systems involve features of marked interest. 
, What is perhaps the most striking feature of the 
mechanical equipment is the absence of a steam 
plant for heating and power, which has been made 
possible by the harmonious relations existing be- 
; tween the church authorities and the life insur- 
‘ ance company, that resulted in making arrange- 
ments for the supply of all the mechanical services 
of the church from the large modern power plant 
that was recently installed in the office building. 
This arrangement has proved a fortunate one, as 
it obviates the necessity of a. boiler plant installa- 
tion in the basement of the church with its at- 
_ tendant dust, dirt and heat, and, furthermore, 
frees the basement space for much-needed gymna- 
sium and class-room facilities. From the office 
building power plant, steam is supplied at low 
pressure for the heating system, and at high 
pressure for the hot water heater of the plumbing 
- system, while the electric power, both for electric 
_ lighting and for the operation of motors, is fur- 
nished by the New York Edison Co. 


. posure, 


Owing to the sheltered location of the church, 
adjoining taller buildings on the morth and east 
sides, the exterior exposure is not excessive, 
which, together with the comparatively small 
areas of window glass installed, combines to mate- 
rially simplify the problem of heating the build- 
ing. The heating is provided for by direct radia- 
tion throughout the building, the fresh air sup- 
plies of the ventilation system being merely tem- 
pered to the desired interior temperatures, and 
some particularly interesting applications of heat- 
ing surface have been made in recessed spaces 
and flue enclosures, and also in cornice locations 
for counteraction of the roof and dome ex- 
The radiation was proportioned in the 
various parts of the building on the thermal unit 
basis, but special attention was given to the pro- 
portioning of the radiation where special ex- 
posures were encountered, as in the inner sides 
of the auditorium space, in the gallery and for 
counteracting the exposure of the roof areas. 

The radiation is operated on the two-pipe sys- 
tem with the Webster vacuum system of returns 


_torium, 


The radiation is for the greater part concealed 
in screened enclosures or special circulating flues; 
the screen enclosures occurring in the main floor 
vestibule and along either side wall of the audi- 
torium at the main floor level. The latter radi- 
ators are, however, partially enclosed with inlet 
registers in the front casing near the base and 
delivery registers forming the tops of the en- 
closures: for local circulation of air, as indicated 
in one of the detail sketches. “The special circu- 
lating flues for both concealment or radiation and 
local circulation had been applied in a particularly 
interesting manner in several portions of the audi- 
namely, in the chancel, along the side- 
walls in the gallery, and at the rear of the seat- 
ing on the main floor level. The heating surface 
in the chancel, as well as at the rear of the two 
central rows of seating on the main floor, consist 
of pipe coils in galvanized iron enclosures insu- 
lated with magnesia blocks, which enclosures have 
inlet registers near the floor lines and delivery 
registers above them for local heat circulation. 
The 80-sq. ft. coils under the chancel platform 


294 


have 12 x 360-in. duct connections to inlet registers 
in the riser front of the chancel platform and the 
heated air is delivered from them through chases 
in the wall at the rear of the chancel with de- 
livery registers slightly above the platform level. 
The coils in the enclosures at the rear of the 
seatings are 120 sq. ft. coils of 1%-in. pipe, ar- 
ranged two pipes wide and ten pipes high, and 
have galvanized iron enclosures II in. wide in- 
side and 60 in. high. These casings are insulated 
with magnesia block on the front and rear sides, 
and have inlet registers for their full length near 
the floor level on the aisle side at the rear and 
continuous delivery registers throughout their 
length on the top. 

The arrangement of the flue enclosures of 
radiation underneath the chancel platform is 
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terior exposure, has but little radiation, consisting 
of four 30-sq. ft. radiators underneath elevated 
windows, facing sidewalk areaways on the south- 
ern side, and two radiators containing together 33 
sq. ft. in toilet rooms in the front corners. 

The parish house is heated by a total of 1,148 
sq. ft. of radiation, of which 239 sq. ft. is in the 
basement, while of the remainder the second story 
contains the greater amount, namely, 520 sq. ft. 
The radiation is here distributed in the usual lo- 
cations under the window sills, none of the units 
being screened except in the main entryway on the 
first floor. Limited amounts of radiation are re- 
quired in the interior portion of the building for 
counteracting the window exposure in small light 
shafts that.are carried down on either side for 
lighting and ventilation to the main floor. The 
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floor above this a Sunday-school room; these: 
rooms all have three triple windows facing the 
areaway at the rear, which exposure is counter- 
acted on each of the three floors by three radiators 
which are of 51-sq. ft. units in the basement, 80 
sq. ft. on the main floor, and 100 sq. ft. on the 
upper floor. 

Steam is supplied to the radiation in the church 
and parish house by an 8-in. pipe connection that 
is extended into the basement from the low-pres- 
sure heating mains of the office building system, 
which, together with the high-pressure steam and 
return lines, enter the basement under the parish 


_ house at a point about 20 ft. to the rear of the 


front wall. This main divides into two 6-in. 
branches, one supplying the fan tempering coil of 
the ventilating system, and the other the riser 
lines to the direct radiation on the upper floors. 
The latter branch divides into a 4-in. line supply- 
ing the parish house and a 5-in. main to the 
church, both of which sub-divide to supply 
branches leading to all points where riser lines 
are located. There are 13 riser lines installed 


which supply the radiation in the church, and six. 
for the parish house, which lines range from 1% 
to 2%-in. pipes. 


The riser lines are in every case 
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Arrangement of Heating and Ventilating Apparatus in Basement. 


duplicated at three points in each of the side gal- 
leries except that cast-iron radiators instead of 
pipe coils are used; in each of these cases: the 
radiators are concealed in chases in the wall or 
under the window sills by removable fronts of 
galvanized iron with air-cell insulation covering, 
which enclosures all have delivery registers form- 
ing the top and connections at the base through 
ducts leading to inlet registers in the front por- 
tion of the gallery. In the side galleries there are 
but two rows of seating, the rear located on a 
floor level 30 in. higher than that of the front 
row, and advantage was taken of this arrange- 
ment to locate the intake registers in the risers of 
the steps leading from the lower front to the rear 
level, as shown in the accompanying detail 
sketches. The basement ‘underneath the audi- 
torium, which has but a limited amount of ex- 


location of a staircase adjoining the light shaft 
on the westerly side prevented the introduction of 
a radiator for this purpose on the main floor level 
and the heating requirement at this point was pro- 
vided for by a special application of indirect 
heating from a reheater stack in the ventilation 
duct that supplies fresh air to this portion of the 
corridor space; this reheater consists of 84 sq. ft. 
of the Excelsior type of section enclosed in a 
casing of galvanized iron with insulation covering, 
which is suspended from the ceiling of the base- 
ment and connected into the 10 x 10-in. branch 
duct from the fan delivery that supplies the cor- 
ridor register. The northerly portion of the 
parish house is devoted to large rooms, there be- 
ing a 38 x 44-ft. gymnasium in the basement, a 
lecture room of similar size that occupies the 
main and mezzanine floor levels, and on the top 


run in chases in the wall construction for entire 
concealment, and all branch connections to radia- 
tors are run under the floor construction, the in- 
sulation coverings being there protected by iron 
sleeves. The high-pressure service in the build- 
ing consists merely of a 1%4-in. line from the of- 
fice building power plant, which supplies steam at 
reduced pressure to a hot water heater tank for 
the plumbing service. 

Condensation is returned from the radiation by 
a Webster vacuum system which is installed to 
form a part of the return system of the office 
building power plant, each riser line and supply 
connection to direct or indirect radiation being 
paralleled by a return riser or connection which 
delivers in the basement into a return gathering 
main. Connections are made to the radiators and 
coils through the usual Webster thermostatic 


ss 


s 


on the top floor. 
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valves, none of which are installed smaller than 
1 in., while all units above 72 sq. ft. of radiation 
have 114-in. return connections. The return gath- 
ering main is carried through a portion of the 
auditorium basement and across the basement 
under the parish houses in trenches, being graded 
for return by gravity, and the line leaves the 
building as a 44in. return main. 

Temperature regulation is provided for on the 
Johnson system throughout the greater part of 
the building, there being in all 40 heat sources con- 


trolled by 22 thermostats. In the basement there 


is a cold air and a hot air thermostat controlling 
different sections of the fan-system tempering 
coil and a hot water thermostat controlling the 
plumbing service heater. The temperature is 
regulated in the church auditorium by five thermo- 
stats on the main floor level, which control six 
radiators and four coils, and two in the gallery 
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controlling six radiators, there being in addition 
one thermostat in the main church entrance, three 
in the gallery stairways, and two in the organ 
chamber for the local control of radiation. 
Thermostatic control is provided in the parish 
house only in the lecture room, on the main floor 
and in the Sunday-school room and class-rooms 
A feature of the temperature 
control system is the provision of an outside 
thermostat to control a small part of the heating 
surface in the large windows above the gallery on 
the south side of the auditorium, which open these 
sections whenever the outside temperature drops 
below a certain degree in order to secure con- 
tinuous heating effect from these surfaces when 
needed. Pneumatic valves as used in the tempera- 
ture regulation system are also applied to steam 
and return ends of all skylight coils with connec- 
tions from them to three-way hand valves located 
in convenient positions below for hand control 
of these heating surfaces. For the above equip- 
ment the standard Johnson apparatus has been 
used throughout, the compressed air supply for 
the. operation of which is supplied from the office 
building power plant. 

_ Ventilation—Thorough ventilation is provided 


' for in both the church building and the parish 


house, including both fresh air supply and exhaust 
which, owing to the independence of the heating 
and ventilation in this building are applied on the 
downward plenum system. An interesting feature 
of the ventilating system is the installation of a 
single equipment each for both fresh air sup- 
ply and exhaust ventilation, with provisions for 
the operation of either equipment on either the 
auditorium or the parish house, which arrange- 
ment was rendered possiblé by the intermittent 
occupancy of the two divisions of the building and 
in addition, the fact that both are seldom, if ever, 
fully occupied at the same time. The installation 
of mechanical equipment was materially simpli- 
fied by an arrangement of the fresh air intake 
through a sidewalk areaway window at the base- 
ment level, which was permitted by the use of air 
filters in the fan intake for cleansing the air sup- 


ply. This enabled the fan to be located in a con- 


venient position in the basement, both in refer- 


-ence to the intake and heating connections for the 
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The fresh air supply system consists of a 6-ft. 
centrifugal motor-driven fan, located in the front 
portion of the basement underneath the parish 
house, in close proximity to the division wall 
separating this portion from the church building 
proper, and to the intake connection to the filter 
chamber and with two separate lines of delivery 
ducts, one leading to the parish house distribution 
and the other to the church auditorium. The 
blower is a full-housed steel-plate centrifugal fan 
with a top vertical and a top horizontal discharge 
outlets in duplicate for independent connections, 
each 42 in. square, to the parish house and church 
auditorium systems, and has a wheel with curved 


blade 6 ft. in diameter by 3% ft. wide. The wheel 


is driven by a 6-h.-p. C. & C. direct-current motor, 
which is fitted for speed regulation by field control 
from I10 to 170 r.p.m., at which maximum speed 
the fan has a delivery capacity of 20,000 cu. ft. 
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iron framework, with a galvanized iron platform 
for access to the upper tier. The wooden frames 
are covered with wire netting to serve as back- 
ing for the filtering medium, and the 60 frames 
present a total effective area of the filtering 
medium of approximately 700 sq. ft. This area is 
sufficient to reduce the filtering velocity when the 
fan is operating at its maximum capacity of 20,000 
cu. ft. per minute to a safe figure slightly less than 
30 ft. per minute. There is also provided for the 
filter equipment a filter frame cleaning hopper, on 
which the frames may be placed with the inlet 
sides down and beaten, this hopper connecting on 
the lower side with the vent fan on the roof for 
removal of the dust and dirt by exhaust. The air 
is admitted to the filter chamber through the 
72 x 80-in. outside window, which is fitted with a 
wire screen of I-in, mesh and louvres of 30-o0z. 
copper, and for closing the chamber to the outside 
air in case the system is shut down, there is pro- 
vided a Kinnear rolling shutter on the inside. 
Fresh air delivery to the church auditorium is 
made through openings above the cornice finish in 
the upper side walls, which are 37 ft. above the 
main floor level, from which point the fresh air 
diffuses downward, displacing the foul air into the 
exhaust openings at the gallery and main floor 
level. There are four of the fresh air supply 
registers arranged at the northerly wall of the 
auditorium, two at the southerly side above the 
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per minute. The motor is direct connected to the 
fan shaft by a flexible flange coupling and oper- 
ates on the 110-volt power service mains that are 
brought into the building. 

In the fan intake connection from the filter 
chamber, which adjoins the intake window at the 
front, there is a tempering coil consisting of four 
two-row and one four-row sections, each. 6 ft. 
high by 8 ft. wide, which are of the standard 
heater coil construction of the B. F. Sturtevant 
Co., with separate cast-iron headers on the steam 
and return ends. The coils are of I-in. pipe pre- 
senting 1,160 sq. ft. of heating surface and, like 
the direct radiation in the building, are fitted for 
automatic temperature control from thermostats 
and motor valves on the Johnson system, one of 
which thermostats is located in the cold air inlet 
and controls the two ‘outside sections of the coil 
and the other is in the tempered air duct and con- 
trols the two inside sections of the coil. 

The air filters are of the cheese-cloth type, with 
the filtering medium on wooden frames mounted 
in zig-zag arrangement on galvanized iron frame- 
work. The filter is located in a 8% x 19-ft. cham- 
ber between the tempering coil and the intake win- 
dow, and consits of 60 frames, 3 x 6-ft. in size, 
which are mounted in two tiers in the galvanized 


side windows and two in the westerly or front 
corners. The eight supply registers are installed 
in three different sizes, namely, 16 x 60 in. for 
those in the west wall and two in the northerly 
wall, 16 x 72 in. for the other two in the north- 
erly wall, and 16 x 48 in. for those in the south 
wall. They are supplied by flues rising in chases 
in the wall construction, direct from the distribut- 
ing ducts in the basement, which flues are so pro- 
portioned as to distribute. the outflow evenly be- 
tween the eight registers. As these registers are 
located at a considerable distance above the audi- 
ence and direct the outflow upward toward the 
dome, the comparatively high delivery velocities 
of 400 ft. per minute, as provided for with the 
fan operated to full capacity, are permissible. 
The vertical flues are designed for velocities of 
flow averaging 700 ft. per minute, while in the dis- 
tributing duct work on the ceiling of the basement 
underneath the auditorium, which consists of two 
lines of shallow rectangular main ducts that fol- 
low either wall line of the building, the flow 
velocity ranges between about 1,600 ft. per minute 
at the fan connection and 1,200 ft: per minute in 
the main duct line. The capacity of supply avail- 
able from the fan when operated to its maximum 
of 20,000 cu. ft. per minute, provides the required 
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supply of 30 cu. ft. per capita for an audience of 
nearly 700, which approximates very closely the 
maximum audience that the auditorium will ac- 
commodate; the seating capacity of the audi- 
torium is nearly 800, of which 200 are in the gal- 
lery and about 600 on the main floor. 

The fresh air supply to the parish house is, as 
above stated, provided for by the duplicate deliv- 
ery outlet from the fan, the two outlets being 
dampered so that the air supply may be delivered 
exclusively to the church auditorium or to the 
parish house, or divided between the two in any 
proportion at will. °The air supplied to the parish 
house is distributed almost entirely through flues 
that rise through the furred partition wall that is 
carried up through the center of the building to 
separate the larger rooms, including the lecture 
room and Sunday-school room, from the smaller 
rooms at the front. The arrangement of these 
wall flues and their connections to the distribut- 
ing ducts from the fan are well shown in the base- 
ment plan. There are but three fresh air supply 
outlets in the basement, one of which is a register 
supplying the church basement under the main 
auditorium, and the other two, the gymnasium 
at the rear. There are on the upper floors, how- 
ever, connections to practically every room, ex- 
cept certain of the smaller private rooms and 
offices that have front window exposure. The 
gymnasium in the basement has two 20 x 24-in. 
register supplies, in the lecture room on the main 
floor there are three 24 x 24-in. registers and the 
Sunday-School room on the upper floor, two 
30 xX 24-in. register supplies. While the duct 
work of the parish house system is designed for 
handling the maximum output of the fan which 
would provide from six to eight changes of air 
per hour well distributed throughout the entire 
parish house, this rate of ventilation will be rarely 
required and provision is made for a lower rate 
of ventilation by the speed range in the fan 
motor which enables the fan to be operated at 
as low a capacity as two-thirds of its rating. 

The exhaust ventilation from both the church 
auditorium and the parish house is effected by a 
disk exhaust fan located in a pent house enclosure 
above the roof of the church building at the rear 
corner. This exhaust fan is a Blackman disk 
fan, 5 ft. in diameter, which is mounted on a ver- 
tical shaft in the roof of the pent house at the 
base of the discharge hood with direct connection 
to a vertical shaft electric motor below it. The 
latter is a 4-h.-p. C. & C. electric motor, and is de- 
signed to operate at speeds ranging from 150 to 


225 r.p.m., at which latter speed the exhaust fan . 


has a maximum capacity of 20,000 cu. ft. per min- 
ute. This fan is operated on the power service 
main in the building, and is controlled from a 
speed-regulating starting box located in the pent 
house. The fan draws: directly from the pent 
house enclosure, which is 7 x 13% ft. in plan and 
6% ft. high inside, and serves as an exhaust cham- 
ber, the exhaust flues from both the church audi- 
torium and the parish house opening directly into 
it. The discharge cap is a large galvanized iron 
weather-proof hood, which is mounted directly on 
the fan ring enclosed in the roof construction. 
The exhaust connections are, like those for 
fresh air supply, proportioned for about equal 
capacity of exhaust from both the church audi- 
torium and the parish house, and a feature of this 
portion of the ventilating system is the provision, 
due to the inaccessible location of the fan pent 
house on the roof, of pneumatically operated 
dampers in each of the exhaust duct connections 
into the pent house with control connections 
in the basement by means of which the exhaust 
may be thrown on to either system or divided be- 
tween the two. The exhaust from the church 
auditorium is affected entirely through register 
openings in the floors, the arrangement of these 
registers being, as shown in the auditorium plan, 
underneath the pews at the inner ends on both the 
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main floor and in the gallery. These exhaust 
registers in the floor are all 10 x 10-in. register 
faces which have 5 x I0-in. duct connections to 
large exhaust gathering flues underneath the floor, 
the proportions being for rates of inflow not to 
exceed 160 ft. per minute, which rate is, however, 
increased in the duct, connections to about twice 
that value. There are 150 of these registers for 
the auditorium exhaust, of which 118 are on the 
main floor and 32 in the gallery, under. pews, and 
they all connect through 5 x Io-in. branch ducts 
into the main gathering flues, which are concealed 
under the floor construction. The auditorium has 
exhaust connections, in addition to the above men- 
tioned floor registers through two 12 x 36-in. 
registers in the lower front walls on either side of 
the chancel near the floor line, which together 
withdraw about 4,000 cu. ft. per minute at rates 
of inflow of about 7oo ft. per minute. The gath- 
ering duct connections to these exhaust registers 
and those under the pews on the main floor level 
are all carried forward under the floor construc- 
tion to a trunk duct that leads crosswise under the 
chancel'to a 21 x 72-in. flue furred into the wall 
construction at the rear corner. The gathering 
ducts under the gallery floors are, owing to their 
scattered arrangement, connected to the pent 
house exhaust chamber through separate flues for 
either side gallery and two for the rear gallery 
which are carried up and over the ceiling finish 
on either side of the dome to the exhaust fan: 
All of this exhaust duct work is proportioned for 
velocities of flow when the fan is operated to its 
maximum capacity of about 1,200 ft. per minute. 

The exhaust ventilation of the parish house is 
operated by a 20 x 72-in. duct connection from the 
fan house above the second floor ceiling construc- 
tion to wall flues that serve the various rooms in 
the upper portion, and two independent exhaust 
flues, one 21 in. square, that draws from the gym- 
nasium in the basement, and the other, 18 x 21 in., 
which exhausts from the basement space under 
the main auditorium of the church. The exhaust 
registers in the various rooms are located in the 
side walls near the floor lines, and are similar 
in general arrangement to those for fresh air 
supply, except that they are generally from 20 to 
25 per cent. smaller in total area of opening than 
the air supply openings. The wall flues serving 
these exhaust registers are arranged in the same 
furred partition through the center of the parish 
house in which the air supply ducts are located 
with the exception of a few ducts serving rooms 
on the mezzanine and second floor at the front 
side, which are installed in special furred parti- 
tions adjoining the corridor. These wall flues join 
above the second floor ceiling construction into 
two branch ducts, which together form the 20 x 
72-in. main connection to the fan in the pent 
house. The design of the system in the parish 
house is such that with the exhaust fan operating 
to its full capacity, the rate of inflow does not 
greatly exceed 300 ft. per minute. 

The heating and ventilation systems of the 
church building and parish house were designed 
by Mr. Alfred R. Wolff, consulting engineer, New 
York, by whom the designs of the power plant in 
the office building of the Metropolitan Life Insur- 
ance Co., from which the mechanical equipment 
of this building is operated, were made. The 
heating and ventilating equipment were installed 
by the Wells & Newton Co. Messrs. McKim, 
Mead & White, architects, New York, were the 
architects for the church and parish house. 


A Pumprinc-ENGINE TEsT was made during the 
last fiscal year by Supt. W. A. McFarland, of the 
Washington, D. C., Water Department, which is 
interesting as showing a better performance, 
166,500,000 ft.-Ib. per 1000 Ib. of dry steam, than 
was attained with the same engine, an Allis- 
Chalmers, during its official duty trial a year be- 
fore. 
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Sewage Disposal at Birmingham, England. 


The city of Birmingham, England, has nearly 
completed, under the direction of Mr. J. D. Watson, 
a large sewage disposal system, which was re- 
cently visited by Supt. D. E. McComb, of the 
Washington, D. C., Sewer Department. In his 
annual report for last year he gives’ the following 


description of the works: 


“The sewage is first discharged into six open 
tanks; about 30 ft. from the receiving end of 
each tank is a transverse division wall over which 
the sewage flows into the second section of the 
tank. The grit and other heavy materials are re- 
tained in the first section and are removed about 
once a week, one tank being cleaned each working 
day. The materials removed are used to fill up 
low portions of the old sewage farm. The re- 
moval of sludge and grit at the short intervals 
noted causes little odor and consequently mini- 
mizes the nuisance usually incident to that impor- 
tant detail of the operation of sewage plants. The 
second portions of the six tanks are used as pri- 
mary septic tanks; the sewage from these tanks 
passes Over a weir into a channel in which it flows 
to the secondary septic tanks. These tanks were 
formerly used for sedimentation of sewage before 
it was applied to the land. 

“From the septic tanks the sewage is conveyed 
in a closed conduit to a reservoir about 3 miles 
distant, thence to six tanks constructed on the 
Dortmund principle wherein sludge is deposited, 
which is used to fill adjacent. low ground. From 
these tanks the sewage is conveyed to the filters. 

“The filters are each about 1.5 acres in area and 
6 ft. deep.. A concrete floor about 6 in. thick is 
first laid, the surface having a slight inclination 
toward a collecting gutter laid along one of the 
longer sides of the rectangle and just outside the 
inclosing wall. Upon the concrete floor a second 
floor of drainage tile is laid. Contiguous tiles are 
laid about an inch apart, a lug being cast on each 
section to insure against too close contact. These 
tiles provide semi-circular openings above the 
floor about 4% x 9 in., 15 in. apart, which dis- 
charge into the collecting gutter. The material 
of the filter, consisting of broken stone, pottery 
waste or other hard material, is then placed upon 
the tile floor. The lower layer is of 2% in. ballast 
and the material of the bed grades up to the 3-in. 
ballast of the top layer. The material used is 
well screened and graded. The sides of the beds 
are protected by dry rubble walls. The sewage 
is distributed by a grill of piping laid upon the 
top layer of stone with sprinkling nozzles, so 
placed that they divide the beds into 8-ft. squares. 
The pipes have openings midway between the 
sprinklers, and the positions of the sprinklers 
are changed when the appearance of the surface 
of the bed indicates that such is desirable. 

“The sewage flows from the filters to tanks 
where the flocculent suspended matter is deposited. 
From these tanks the effluent flows into the river 
Tame. 

“The dry solid matter removed by the Dort- 
mund tanks amounts to 1.027 tons per million 
gallons of septic sewage. The results attained 
indicate that each acre of sprinkling filter bed will 
efficiently purify 750,000 gal. of Birmingham sew- 
age, the effluent being non-putrescible. The sew- 
age received amounts to the rate of 60 gal. per 
capita per day of contributing population; the 
water supply rate is 35 gal. per capita. Upon the 
basis of population, each acre of sprinkling filter 
bed will purify sewage from 12,500 persons.” 


THE TRANSVERSE CROWNING of streets in Frank- 
fort, Germany, is one-fortieth of the width for 
macadam, one-fiftieth for ordinary block paving 
with ungrouted joints, one-sixtieth for the better 
class of blocks with grouted joints, one-eightieth 
for wood paving and one one-hundredth for 
asphalt paving. 
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The Foundry Building of Williams, White & 
Co., Moline, Ill. 


The reinforced concrete one-story foundry 
building of Messrs. Williams, White & Co., 
Moline, Ill., occupies an irregular area 133 ft. 
3 in. x 120 ft. 6 in. in extreme dimensions, as 
shown in accompanying illustrations. Practically 
the entire enclosed space is unobstructed by in- 
terior columns, there being only seven such col- 
umns in all and these being arranged along the 
longest side of the building as shown. The flat 
roof consists of a 4-in. slab of concrete and about 
40 per cent. of its area is taken up by skylights, 
each of which is about 7x18 it. 

Over the unobstructed area or craneway, which 
is about 78 x 123 ft. the roof is carried by the 
end walls, and by five very large girders with a 
clear span of 74 ft. 8 in. Between these girders, 
which are placed approximately 20 ft. on centers, 
extend 10x16 in. beams placed along both sides 
of every skylight. The main roof girders are 
78 in. deep, including the 4-in. roof slab, and 
16 and 28 in. wide at the bottom and top, respec- 
tively, the increased width in the upper part being 
necessary to provide sufficient compression area. 
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The Kahn system of reinforcement was used 
throughout the structure. On account of the 
span of the main girders and the fact that it 
was impossible to make them continuous, it was 
considered necessary that the diagonal or shear 
members be rigidly attached to the main hori- 
zontal reinforcement. One of the special features 
of the Kahn system was used therefore—that is, 
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rigid attachment was secured by riveting angles 
and flats to obtain the desired reinforcement. 

The crane, which was supplied by the Niles- 
Bement-Pond Co., has a clear span of 73 ft., cen- 
ter to center of rails, and a nominal capacity of 
15 tons and has been tested in place with a load 
of 30 tons. The rails are carried on 18 x 36-in. 
girders reinforced with Kahn bars. These girders 
rest on brackets formed on the columns as shown 
on the drawings. 

Construction work on the building was. started 
in 1906 and after some delay during cold winter 
weather, when work was suspended, the building 
was finished early in the Spring of 1907. When 
the forms were removed from the main roof 
girders, level readings taken on consecutive gird- 
ers indicated the following deflections: No. 1, 
1/16 in.; No. 2, 3/16 in.; No. 3, 3/16 in.; No. 4, 
5/16 in.; No. 5, 3% in. The maximum deflection 
was accordingly 1/2400 of the span. Owing to a 
breakdown of the concreting machinery about 
one month’s time elapsed between the concreting 
of girders I, 2, 3, and girders 4 and 5. This, to- 
gether with the fact that girders 1, 2 and 3 are 
continuous at one end, explains the variations in 
the deflections. The building has now been in 
use about 8 months and is giving entire satis- 
faction. 

The building was constructed by the Tri-City 
Construction Co., of Davenport, Ia., in accord- 
ance with plans prepared by the Trussed Con- 
crete Steel Co., Detroit, Mich. 


Tue MerroporiraAn District Ramtway, of Lon- 
don, has been worked by electric traction for a 
longer period than the Metropolitan Railway, 
mentioned on Feb. 29. The total mileage of the 
last six months of 1907 was 1,679,800 train-miles, 
as compared with 1,624,300 train-miles in the last 
half of 1906. The average cost of electric train 
working during the second half of 1907 was 24.8 
cents per train-mile, as compared with 24.5 cents 
in the corresponding six months of 1906. The 
additional expense in 1907 is partly explained by 
the higher price paid for coal. These figures of 
cost include the charges for current, wages of 
train crews and the expenses for car cleaning, 
terminals and supplies. The company carried 
55,100,009 passengers in 1906 and 51,200,000 pas- 
sengers in 1907. Although there was a falling 
off, therefore, in the number of passengers, the 
revenue increased from £403,300 in 1906 to 
£406,900 in 1907. ‘The company’s revenues in 
1907 were somewhat under those of 1808, a fact 
that is significant of the growing importance of 
other methods of rapid transit in London, not 
only the new tube lines, but also the street rail- 


ways. 
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The Transmission Towers of the Great 
Western Power Co. 


The Great Western Power Co., of California, 
has adopted the Milliken tower for use in carry- 
ing its high-voltage power transmission line. The 
power is transmitted on two circuits of three 
wires each, carrying a current of 100,000 volts. 
In view of this high voltage and the consequent 
danger, great care was exercised in selecting the 
particular class of towers to be adopted. 

The tower is designed with three crossarms, it 
being intended to carry a feed wire on the outer 
end of each crossarm by suspended insulation. 
The top of the tower is arranged to take a guard 
wire. The towers are intended to be used about 
750 ft. apart. 

The photograph shows a view of the tower 
parallel with the crossarm. The bottom of low- 
est crossarm is 51 ft. 2 in. above the ground, 
and the second crossarm is 10 ft. above the first, 
and the third crossarm is 10 ft. above the second. 
The extreme top of the tower carrying a guard 
wire is 5 it. I in. above the bottom of the highest 
crossarm. The feed wires are 17 ft. 1 in. from 
each other in a horizontal plane for the two upper 
crossarms, and 18 ft. I in. for the lowest cross- 
arm; thus making all feed wires 6 ft. 5 in. from 
the nearest part of the tower proper measured in 
a horizontal direction. 

The bottom of the tower at the ground level 
occupies a base 17 ft. square. The stub ends, 
the portion in the ground, are separate pieces of 
steel and are of such length as to allow 6 ft. for 
bedding in the ground. 


These towers are constructed entirely of struc- ’ 


tural steel shapes and are designed to follow the 
theoretical stresses and produce a tower of given 
strength and stiffness, with a minimum amount of 
material. There are a great many duplicate 
pieces; thus making it a simple matter for the 
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this particular class of structural work. As all 
of this material (except bolts and nuts) is gal- 
vanized by the hot process before shipment, and 
after all the shop work has been done, there has 
been added to the Milliken plant a large galvaniz- 
ing department for doing this particular work. 
In fact, it is unique in that it has probably the 
largest hot. galvanizing bath ever constructed. 
This is capable of taking pieces somewhat over 
30 ft. in length at a single dipping, which is a 
decided improvement over the old-fashioned 
method of dipping long pieces one end at a time. 

These towers are all put together with bolts, 
and to reduce freight charges are shipped 
knocked down. They can be put together on the 
ground, and then tipped up vertically as they are 
stiff enough in themselves to stand being erected 
in one piece, thus obviating the necessity of erect- 
ing them piecemeal from the ground up. 


London Electric Supply Confusion 


Another attempt is being made to unravel the 
confusion existing in the electric supply situation 
in the London district,- which is generally ac- 
knowledged to be a source of great, need!ess ex-- 
pense to those using current. Over seventy Jis- 
tinct authorities in the district now sell current; 
some of them are private companies engaged in 
competitive business and others are public boards 
having a monopoly within their territory. The 
current is furnished from about 65 stations, 
many of them containing only antiquated units 
of small capacity, as is evident from the fact 
that the average capacity of the units throughout 
the district is under 400 kw. The current is sup- 
plied on nearly 20 different systems of frequency 
and voltage and the charges for it range from 
1% to 20 cents per kilowatt-hour. The first at- 
tempt to avoid the losses incident to such a 
wasteful condition was made nearly’20 years ago 
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Details of Reinforced Concrete Pipe Trestle Across the Los Angeles River. 


purchaser to put the same together in the field. 
Very complete and careful tests of their strength 
were made before their regular manufacture was 
started. The tower was erected in a vertical 
position on an immovable concrete foundation. 
The strains were applied by means of weights 
hanging from a fixed structure, and the amount 
of load and deflection was easily determined. 
The tower was designed to stand the following 
tests: When tested in a vertical position, on an 
immovable foundation, and with a proper margin 
of safety, a simultaneous horizontal side pull of 


1,000 Ib. at the top and 2,500 lb. at each of the 
three crossarms, or in other words, a total strain 
of 8,500 lb., the crossarms were to support a sus- 
pended weight of 1,000 lb. at their extreme end, 
and any one of the crossarms to carry at one 
of these ends a horizontal pull along the line of 


_ 3,000 Ib. 


The receivers of Milliken Bros. (inc.), I1 
Broadway, New York City, are manufacturing 
these poles at Milliken, Staten Island, N. Y., 
where special arrangements have been made in 
the bridge and structural shops for getting out 


by Ferranti, but failed on account of technical 
defects which made the distribution of current 
over a large area impracticable at that time by 
the methods he tried. Since then some, of the 
companies concentrated their plants in large sta- 
tions, but none attempted to distribute current 
outside its territory. Now eight of them, having 
four-fifths of all the capital invested in central 
stations in the district, have asked Parliament to 
permit them to sell current in bulk to each other 
and to other authorities for distribution to con- 
sumers. 
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A Reinforced-Concrete Sewer Pipe Trestle. 


A reinforced-concrete pipe trestle has recently 


_. been built in Los Angeles, California, to carry an 


intercepting sewer across the Los Angeles River. 
The latter flows from the north to the south 
through the eastern part of the city, practically 
all of the business section and most of the resi- 
dence districts being to the west of it. The storm- 
water run-off is carried directly to the river and 
to various other watercourses, while the domestic 
sewage is diverted into a long outfall sewer lead- 
ing to the Pacific Ocean, some 15 miles distant. 
The construction of this outfall was fully de- 
scribed in The Engineering Record of Jan. 25, 
1908. Although most of the city is to the west 
of the river, the territory east of the latter con- 
tains a large population and is served by an inter- 
cepting sewer, which extends across the river to 
a connection leading to the outfall. 


The river crossing is made in a 36-in. cast iron 
pipe, that was laid across the bed of the stream 
on a timber trestle in 1893, the surface of the 
sand being 3% ft. above the top of the pipe at 
that time. The nature of the river is such that 
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the upstream and two on the downstream side 
of the pipe, with two cross timbers above and two 
below the pipe. Heavy floods in the last few 
years had pushed these bents out of line badly 
and some of the timbers had decayed, so the 
decision was made about a year ago to replace 
them by the permanent reinforced-concrete trestle. 

This trestle consists of two-post reinforced- 
concrete pier bents, with two heavy beams be- 
tween the bents, one on each side of the 36-in. 
cast iron pipe. The arrangement of the trestle 
and the details of one bent are shown in accom- 
panying illustrations. The two posts of each bent 
are capped by a reinforced-concrete pier, the 
transverse center lines of these piers being 36 ft. 
apart. This spacing brings one pier 7 ft. 4 in. 
from one end of every third 12-ft. length of the 
pipe. The two intervening 12-ft. lengths of pipe 
are each carried independently by a reinforced- 
concrete rib built between the pair of beams ex- 
tending from pier to pier of the bents. A series 
of unobstructed waterways, each 34 ft. 8 in. wide 
and of the same height as existed with the original 
structure is thus obtained. 

The two posts of each bent are 18 in. in diam- 
eter, 35 ft. long and are spaced Io. ft. apart on 


Completed Trestle Across Los Angeles River. 


this crossing was maintained. with difficulty. The 
river is in a narrow geological valley that has 
been filled with material washed down from the 
mountains and hills farther upstream until a de- 
posit of sand and gravel of great depth makes 
up the bed of the stream. The flow of the river 
is remarkably uniform throughout the year, 
amounting to a small stream only except for 
occasional floods of short duration in the rainy 
season, and being entirely dry for several months 
each year at the crossing. On account of the 
nature of the stream bed, no advantage could be 
gained by changing the location of the crossing. 


At the same time, any possibility of placing the 


_ pipe under the surface of the stream bed was 


precluded, as the channel of the stream varies 
greatly, due to the shifting sand bed. A large 
amount of grayel and sand is also removed from 
the channel continuously for various purposes, 
’ with the result that the level of the sand surface 


has been lowered 14 ft. in fifteen years. 
The official width of the river at the crossing 
is 300 ft., the banks being confined on both sides. 


pile bents, spaced one to each i2-ft. length of 
pipe. As the original bents had practically failed, 


they were replaced in 1903 by bents of the same 


type. Between 1893 and 10903 the sand surface 
was lowered 6% ft., leaving the sewer exposed. 
The new bents each had three pile posts, one on 


The 36-in. pipe was originally carried by timber 


centers, with their tops from 2% to Io ft. below 
the sand line of the stream bed. The reinforced- 
concrete pier cap on the pair of posts of each bent 
is 16 in. thick and 12% ft. high, the top of the 
36-in. pipe being imbedded 11 in. below the top 
of the pier. 

The posts are reinforced from the bottom to 
the top as spirally-hooped columns. Six 3-in. 
round rods, placed at the corners of a hexagon 
and wrapped spirally with 3/16-in. black wire, 
extend to a depth of 15 ft. Three of these rods 
are continued to the bottom of the posts and are 
placed at the corners of a triangle, the spiral 
wrapping wire being continuous from the bottom 
to the top of the post. In all of the posts the 
rods are 23% in. from the surface of the concrete. 
The rods all extend up into the pier cap, one of 
the rods in each post being bent horizontally 
across the bottom of the pier to the top of the 
other post. The remaining rods are distributed 
through the pier in such manner as to tie the 
latter to the posts thoroughly, to anchor the 36-in. 
pipe and to bond into the pier the beams between 
the bents. 

The grade of the 36-in. pipe could not be dis- 
turbed, owing to the elevation of connections at 
both ends of the crossing. On the other hand, all 
of the waterway that could be obtained was 
essentially necessary to provide for flood flows. 
These conditions required the lower flanges of 
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the two beams carrying the pipe between the bents 
to be placed 2 in. above the horizontal center 
line of the pipe, in order to permit transverse 
diagonal bracing to be placed over the pipe. This 
arrangement of the beams required the two 12-ft. 
lengths of pipe intermediate between the bents to 
be suspended rather than supported. 

Each of the two beams consists of an 18-in. 
55-lb. steel I-beam wrapped spirally with 3/16-in. 
iron wire, and surrounded with concrete. The 
steel beams are in alternate lengths, which are 
spliced together to make them continuous. Be- 
fore the concrete was poured around these beams 
they were braced laterally by 3 x 3 x %-in. angle 
lacing bars placed over the top of the pipe. 

The concrete rib placed around each of the two 
12-ft. lengths of pipe between the bents is 12 in. 
thick and is thoroughly tied to the longitudinal 
beams by reinforcing rods, placed as shown in 
one of the illustrations. The lower flange of 
these ribs is 11 in. below the bottom of the pipe 
and contains two pairs of 34-in. rods, placed so 
as to transmit the entire weight of the pipe to 
the beams. The latter are also tied together at 
the top of the rib by two 34-in. rods, thus pro- 
viding additional latteral bracing between the 
beams. To provide for inequality of expansion 
the concrete in the bents and ribs was separated 
from the pipe by two layers of felt. 

The bents and ribs of the trestle were spaced 
alternately with the old pile bents, in order that 
the new structure could be built without inter- 
fering with the old one. This arrangement also 
permitted the concrete in the new trestle to set 
before the load was brought on it. The con- 
struction was undertaken last summer when the 
surface flow of the river had disappeared en- 
tirely.and the ground-water level had dropped to 
a depth of 20 ft. below the surface. A well, 
lined with No. 14 double casing, was sunk for 
each post of the trestle bents. The casings were 
nearly watertight, but after the ground-water 
level was reached some water came up through 
the bottom. To avoid placing concrete in the 
water, the bottom of each well was sealed with 
concrete and after the latter had set, the water 
‘was pumped out, so the concrete for the balance 
of the posts could be built in the dry. 

The removal of sand from the channel has re- 
sulted in the piers of 10 bridges which cross the 
river in the city being rapidly endangered, and 
if this sand removal is continued these piers will 
have to be underpinned. Ultimately, however, the 
removal of sand will have to be restricted, unless 
a protracted flood brings down an immense quan- 
tity of material from above, which is an improb- 
able contingency. The posts of the trestle were, 
nevertheless, made of such length that long be- 
fore the structure might be threatened by the 
further lowering of the channel, the sand re- 
moval will have been restricted. ' 

The trestle was designed and built under the 
direction of Mr. Homer Hamlin, city engineer of 
Los Angeles. Mr. H. G. Parker was engineer in 
immediate charge of the design and construction. 


Tue Benarpos Exvecrric WeLprnc Process is 
being considerably used in the Pittsburg district, 
particularly-for repairing steel castings, as it is 
simple and easily operated, and requires no elabo- 
rate equipment. It consists of drawing an elec- 
tric arc at 50 to 60 volts between a carbon elec- 
trode and the metal to be welded, until the metal 
begins to melt and boil, molds being used to con- 
fine the molten material. The process is also 
effective in filling holes or building up raised por- 
tions on castings. In either of these operations 
the casting is first thoroughly heated by the arc 
and then iron rods or scraps of boiler plates are 
thrown in, molds retaining the molten metal in 
raised work. Direct current is used at 100 to 125 
volts and the current required is high, ranging 
from 500 to 1000 amperes for ordinary work. 
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Operating Results at the Harrisburg Filters 


The mechanical filtration plant of the Harris- 
burg, Pa., water-works, built from the plans and 
under the supervision of Mr. James H. Fuertes, 
consulting engineer, New York, was described in 
this journal on March 9, 1907. The plant was 
turned over to the Water Department on Jan. 1, 
1906, and has since been in charge of Mr. George 
G. Kennedy, the Department’s secretary and su- 
perintendent. The operations of the plant during 
1907 are stated in the annual report for that year 
to be very gratifying and show an improvement 
over the results obtained in 1906. The absolute 
removal of all turbidity and color contained in 
the river water is in itself an evidence of the 
careful working of the plant and the watchful- 
ness of those in charge in noting the frequent and 
sometimes very sudden changes in the character 
of the raw water. The elimination of 99.59 per 
cent. of the bacteria in the river water, the aver- 
age for the year, and the almost complete removal 
of B. coli, is of far more importance from the 
standpoint of health. 

The turbidity in the river water during the year 
ranged from 3 to 2,600 parts per million; color, 0 
to 40; alkalinity, 3.5 to 88; and bacteria, 160 to 
160,000, an average for the entire year of 76 parts 
turbidity, 13 parts color, and 10,713 bacteria. The 
filtered water contains no turbidity, no color and 
an average of 44 bacteria. Every month in the 
year, with the exception of February, when an 
entirely new condition presented itself, showed an 
average number of bacteria remaining of less 
than 100 and out of all the counts made but 33 
during the entire year were more than that num- 
ber. 

During January the absence of sufficient alka- 
linity in the river water made it necessary to use 
carbonate of soda to increase the temporary hard- 
ness sufficiently to decompose the sulphate of alu- 
mina. This was the first time since the plant 
was started that this condition existed and it 
occurred again in March. Since then, however, 
there has always been enough alkalinity found 
and during the low stage of the river in August 
there were as high as 88 parts present. 

The total amount filtered during the year was 
4,068,656,500 gal., of which 3,961,556,350 gal. were 
delivered to the pump and 107,100,150 gal. or 2.6 
per cent. of the total were used in washing the 
filters. 

The operating expenses were $20,783.59, made 
up of the following items: Alum, $6,205.89; soda, 
$293; coal, $2,306.46; oil and waste, $285.72; sup- 
plies, $874.32; tepairs, $013.96; laboratory, 
$1,616.80, and labor, $8,287.44. The average cost 
per million gallons of filtered water delivered to 
the pumping station was $5.23, the cost of alum 
being $1.56; soda, 7 cents; coal, 58 cents; oil 
waste, 7 cents; supplies, 22 cents; repairs, 23 
cents; laboratory, 41 cents,.and labor, $2.00. 


The sinking fund appropriation for the filtra- 
tion loan was $10,333.33, interest, $10,850, State 
tax, $1,240, making the fixed charges $22,423.33, 
and. the charge per million gallons $5.62. The 
total expense for filtration was $43,203.92, and 
the cost per million gallons $10.88. 

The operating expenses are slightly higher than 
for 1906, caused by the average use of one-tenth 
of a grain per gallon more alum, the necessity of 
using soda, the shortening of the runs of the 
filters causing the use of more filtered water in 
washing and more coal, the reaching of about the 
nominal amount for repairs and a slight increase 
in wages for part of the employees. 

The increased use of alum and shortening the 
runs between washing were due to the knowledge 
gained by experiments made last year. The bene- 
fit of these is shown in the general results. 


The machinery, which was described in detail 
on Marth 9, 1907, gave no trouble and no expen- 
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sive repairs to it have been necessary. A suffi- 
cient number of the different sizes of four-way 
cocks were purchased to enable any leaking ones 
to be taken out and refitted and duplicate orifice 
plates were procured. The valves and screens in 
the coagulant mixing tank and valves and fittings 
in the solution pump were renewed. Additional 
cocks were placed on the piping to the different 
operating tables to facilitate repairs. Sides 6 in. 
high were placed on the wash troughs of No. 12 
filter and one 4 in. high was put on No. 4 to pre- 
vent flooding over the rear of the troughs when 
washing is going on and to give a more uniform 
wash. These experimental sides have proved that 
better and more uniform washing can be secured 
by extending the sides of all the troughs at least 
6 in. A recording pressure gauge was placed on 
the wash line to check the washing operation and 
a governor was attached to the auxiliary pressure 
pump. 

Samples of sand from each filter were taken in 
deep sections and at no place was any gravel 
found, demonstrating the fact that the gravel 
placed to protect the underdrain system had not 
been disturbed. Measurements of the depth of 
the sand have been taken occasionally and prac- 
tically no sand has been lost. This is also con- 
firmed by the absence of sand in the clear wells. 

The sedimentation and coagulating basins were 
cleared twice. . The removal of this heavy mate- 
rial, which is deposited immediately below and 
around the concrete force main, has been a mat- 
ter of some inconvenience, it, being too heavy to 
flush through the sewer. It was prior to this 
time taken out by hand and with the use of a 
portable sand ejector. The former method is ex- 
pensive and the ejector too small to do the work 
quickly. To overcome this difficulty a 20-h.-p. 
gasoline engine connected by belt to a centrifugal 
pump with a 5-in. suction and a 4-in. discharge 
was purchased and mounted on a covered scow. 
With this outfit the sand is pumped from the 
basin and delivered over the top of the dyke at a 
saving in time and expense that is satisfactory. 
This pump has been used in one cleaning and 
changes that suggested themselves while in opera- 
tion will be made and they are expected to result 
in greater efficiency. 

During the year the preliminary treatment of 
the water in the sedimentation basin has been con- 
tinued and the knowledge gained last year by 
dividing the coagulant has been added to. The 
average application for the entire year was about 
half the amount to the water as it was pumped to 
the basin and the balance as it entered the sec- 
ondary basins. The average elimination in the 
basin for the year was 57.96 per cent. 

At times when the turbidity and bacteria are 
both low no coagulant is applied to the water in 
the basin, but at all other times the dose is divid- 
ed. During March when the turbidity averaged 
10 parts and the bacteria 25,000, the elimination 
with the divided dose was 55.45 per cent. At that 
time for a short period the coagulant was applied 
only in the secondary basins, and the average re- 
moval in the basin in the 7 days that no coagu- 
lant was used was 16 per cent. 

The treatment of the water present in parts of 
February and March had difficulties not before 
encountered. The river at that time was frozen 
over and the raw water contained about five 
parts turbidity, no color, and bacteria running 
from 590 to 20,000. 

Ordinarily, in summer at least, a satisfactory 
elimination of bacteria could be obtained by an 
application of 0.5 or 0.6 grain per gallon in the 
secondary coagulating basin, but 1.5 grains applied 
there did not give the results sought. Neither 
did the same dose put in as the water was pumped 
from the river, allowing about eight hours sedi- 
mentation, give the necessary precipitate to render 


. the elimination satisfactory. 


Different processes were tried in mixing the 
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alum, in using hydrated lime, in applying initial 
doses of alum and alum and clay to the filters 
immediately after being put in service, but none 
of these gave results compared with those ob- 
tained from the plant at other times. The initial 
dose of alum and clay repeated ‘at intervals of one 
half hour showed some improvement and led 
to the application of clay direct to the water as 
it was taken from the river and pumped to the 
basin. 

A barrel was fitted with a I-in. water pipe with 
four perforated lateral connections near the bot- 
tom and a 2-in. outlet pipe near the top delivering 
the mixture into the pump well. A partition was 
put in the barrel to allow a good mixture to be 
obtained. A cock and valve were put in the sup- 
ply pipe, the cock to turn off the supply and the 
valve to regulate the flow. In this barrel clay was 
mixed with the water in such quantities that with 
the occasional stirring the water would be heavily 
charged and enough of the mixture furnished to 
increase the turbidity of the raw water to about 
twenty parts per million. 


Beginning with the use of this applied turbidity 
the number of bacteria in the filtered water de- 
creased. After using the same dose of alum and 
1 ¥% grains per gallon as had been applied before 
the clay was tried and securing the comparative 
results, the alum was cut to one grain with the 
intention of further reducing it and obtaining the 
records from the different doses. It was also 
intended to apply the alum in a divided dose and 
in the small basins. Unfortunately after a few 
days’ run on the one-grain application the ice 
broke up and the turbidity in a few hours reached 
3,000 parts. The experience gained in this short 
period will be added to by further tests when the 
same conditions are encountered again and the 
advantages or disadvantages of the use of clay 
thoroughly worked out as the knowledge obtained 
in the use of it the few days surely justify further 
experimenting. Several kinds of clay were tried, 
but the one that made the best mixture was the 
material red brick are made from. The report 
contains a detailed table of the results. 


The same program in the laboratory work has 
been followed since the filters were started. Three 
samples each of the river, filtered-and tap water 
are taken each day and the turbidity, color and 
alkilinity determined. Two samples of the river, 
basin and filtered and one of the tap are plated 
for bacteria. Five 1-c.c. samples of the filtered 
and tap are sown each day and five 1-c.c. samples 
of the river water twice a week for B. coli. A 
chemical analysis is made each week of the raw 
and filtered water and a mineral analysis is run 
of all unusual waters so that the composition of 
all kinds of water will be known. The advantage 
of this work is very apparent, and with water as 
variable as the Susquehanna at this point no 
method of determining even approximately the 
bacterial results other than by these daily tests 
should be considered, the report states. 


The same condition noticed last year in a fall 
in the turbidity and an increase in the bacteria 
has occasionally been found. The removal of all 
turbidity and color could be cheaply accomplished 
with the proper distribution of alum, in the hand- 
ling of the filters, and by suitable application of 
air and wash water, but in no way could the 
safety of the effluent be guarded other than by 
the proper taking of samples and developing 
them. Even though the results are not known 
for two days after the water is filtered they are 
a guide to the operations. 


‘Samples are taken from the effluents of the 
different filters at frequent intervals and all pre- 
cautions necessary to keep the sand beds in the 
best possible condition are looked after. 


Complete mechanical and quantitative analyses 


of the sand in the filters were made during the 
year. 
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The Telephone Standards of the United 
States Reclamation Service. 


The U. S. Reclamation Service is building 
many telephone lines in connection with its irri- 
gation enterprises and has found it advisable to 
adopt a standard system of construction. On the 
pole line an average of thirty poles per mile is 
used on tangents. The spans adjoining a pole on 
a curve at a corner do not exceed 150 ft. each for 
a pull of 5 ft. and the ‘allowable length of span 
is decreased 10 ft. for each increase of 5 ft. in the 
pull up to and including a pull of 30 ft. Whena 
bend made on a single pole produces a pull of 


_ more than thirty ft. the pole is braced and guyed 


and the adjoining spans do not exceed 100 ft. 
each, or such a bend is made on two poles and 
the lengths of the adjoining spans adjusted with 
the foregoing provisions relating to span and 
pull. The term pull means the perpendicular dis- 
tance from the pole under consideration to a 
straight line joining the two adjacent poles. When 
a span of from 200 to 250 ft. is necessary, the ad- 
joining spans do not exceed 100 ft: each, and 
where a span of from 250 to 500 ft. is necessary, 
the adjoining two spans at each end do not ex- 
ceed 100 ft. each. On uneven ground the spans 
are so chosen and the poles so set as to avoid 
abrupt changes in the direction of the wire line 
vertically. 

Telephone poles are in general 5-in. poles 25 ft. 
in length. At crossings of highways, railroads 
and gullies 6-in. poles of requisite length may be 
used. The poles are cut from growing red or 
white cedar trees, and are peeled, neatly trimmed, 
well seasoned, and reasonably sound. Butt rot in 
‘the center, including small ring rot outside of the 
center, the total of which does not exceed 10 per 
cent of the area of the butt, is permitted. Sweeps 
not exceeding 1 in. for every 5 ft. in length of 
pole are permitted. The tops of seasoned 5-in. 
poles measure not less than 15 in. in circumference 
and those of 6-in. poles not less than 18 in. If 
the poles are measured when green 5-in. poles 
must be not less than 16 in. in circumference at 
the tops and 6-in. poles not less than 19% in. 
The top of each pole is trimmed to form a right- 
angled roof and painted with two coats of iron 
oxide paint. 

On tangents the poles are set in a vertical 
position, and on curves and at corners they are 
raked 10 in. for a pull less than 5 ft., 15 in. for 
a pull of from 5 to 1o ft. and 25 in. for a pull of 
more than 10 ft. Each pole hole in earth is 5 ft. 
in depth and dug of sufficient size to admit of 
tamping around the entire perimeter of the pole. 
Where the line crosses solid rock, pole holes are 
blasted to a depth of 3 ft., unless such solid rock 
can be covered by a single span not exceeding 
250 ft. When the hole is filled, earth or rock is 
firmly packed about the hole to a height of 1 ft. 
above the original ground surface. 

Braces are 5 in. in diameter at the top, long 
enough to attach to the pole at two-thirds its 
height above the ground, to make an angle of 
30 deg. with it and to extend into the ground at 
least 4 ft. measured along the brace. 

Each brace is set in the ground at least 3% ft. 
in vertical depth. The braces are cut slanting at 
the top to fit close to the pole and are attached 


“to the pole with a 54-in. bolt supplied with a 


washer at each end. This’ bolt is placed at the 
lowest point of the joint. In fitting the brace to 
the pole all trimming is done on the brace. 

Guys are No. 6, B.W.G., galvanized steel wire. 


Guy anchors in earth consist of galvanized cast 


iron plates and galvanized iron rods. Each cast 
iron plate is 8 in. square and % in. thick and is 
provided on the lower face with a cylindrical lug 
at the center having a diameter of 2 in. and a 
height of 1%4 in. and with diagonal ribs % in. 


thick. Each galvanized iron rod is 5% in. in di- 
ameter and 6 ft. in length and is provided at the 
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upper end with a suitable eye and a wire rope 
thimble for a %4-in. rope and at the lower end 
with U. S. standard threads and a galvanized 
iron nut. Guy anchors in rock consist of galvan- 
ized iron rods of the combination eye-and-wedge- 
bolt type I in. in diameter and 18 in. in length, 
each provided with a suitable wedge and a wire 
rope thimble for a 14-in. rope. 

Each guy is attached to the pole immediately 
below the bracket by making two turns around 
the pole and wrapping the end eight times around 
the guy, and is secured to its rod by passing 
around the thimble and terminating on itself in 
eight turns. The turns about the pole are secured 
by at least three 2-in. galvanized iron staples. The 
angle between the guy and its pole is as nearly 
45 deg. as is practicable. Holes for anchor plates 
are dug at least 3% ft. in vertical depth. 

On tangents and curves having pulls less than 
1o ft. double side guys are used about every 
1,000 ft.; and on curves or at corners where the 
pull is from Io to 30 ft. each pole is provided 
with a guy or brace. On curves and at corners 
each pole at which the pull exceeds 30 ft. is pro- 
vided with either a guy or a brace placed in the 
plane of each of the adjoining spans and the 


‘adjacent poles are provided with appropriate sup- 


plemental bracing or guying. At least one head 
and one back guy is installed on every mile of 
line. Additional head and back guys or braces 
are used wherever the slope of the ground, length 
of span, change in direction or extra pole height 
at road crossings requires them for stability. 

Pony telephone side brackets 114 x 2 x Io in. 
are used. They are made of the well-seasoned, 
sound, straight-grained oak, free from knots and 
sapwood, and are painted with two coats of iron 
oxide paint. Each bracket is fastened to the pole 
with one 40d and one 60d galvanized wire nail in 
such a position that the base of the bracket is 
about 14 in. below the top of the pole. Where 
the change in direction of the wire at any pole 
is more than 60 deg., an extra bracket is used. 
Brackets on ground-circuit lines are placed on the 
same side of all poles except on curves or at 
corners, where they are so placed that the strains 
produced by the wires will tend to press the in- 
sulators toward the poles. 

On tangents of metallic circuit lines the brack- 
ets are placed one on each side of the pole and 
on curves and corners they are so placed that the 
strains produced by the wires tend to press the 
insulators toward the poles. The top bracket is 
so placed that its base is about 14 in. below the 
top of the pole, and the bottom bracket so that its 
base is 12 in. below that of the top bracket, ex- 
cept on transposition poles on tangents. On 
transposition poles on tangents the brackets are at 
the same elevation, so placed that the insulator 
for each wire is as nearly as practicable on a 
straight line between those for the same wire on 
the adjacent poles. On transposition poles on 
curves the bracket is so placed that the trans- 
position insulator is as nearly as practicable on a 
straight line between the insulators for each wire 
on the adjacent poles. 

Standard pony, glass, 10-ounce insulators and 
fwo-piece transposition insulators of equivalent 
strength shall be used. i 

The line wire is No. 12, B.W.G., galvanized 
iron wire of the quality known as “Best Best,” 
having an average resistance at 68 deg. Fahr. 
not to exceed 33% ohmis per-mile. The wire 
weighs approximately 165 lb. per mile, has an 
ultimate tensile strength of not less than 545 Ib. 
and is capable of withstanding at least fifteen 
twists about its axis in a length of 6 in. It must 
be capable of elongating 15 per cent without 
breaking, after being galvanized. The diameter 
of the line wire is between 0.113 and 0.106 in. 
The galvanizing consists of. a coating of zinc 
evenly and uniformly applied in such a manner 
that it will adhere firmly to the surface of the 
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iron. Clean dry samples of the galvanized wire 
must appear black when they are four times al- 
ternately immersed for one minute in a saturated 
copper sulphate solution and then immediately 
washed in water and thoroughly dried. 

The wire is strung with as few joints as pos- 
sible and is joined by twisting the wires for a 
distance of about 3 in. around each other two 
complete turns and soldering, the end of each wire 
terminating in five tightly fitting contiguous turns 
around the other wire. The line wire is tied to 
the insulators with No. 12 galvanized iron wire 
cut in suitable-lengths. The line wire is first laid 
in the groove of the insulator on the side away 
from the pole, after which the tie wire is passed 
entirely around the insulator and line wire and 
terminated at each end in five tightly fitting turns 
around the line wire. 

In general a transposition of the line wires is 
made once in each mile. On tangents each trans- 
position is made without the use of transposition 
insulators by interchanging the wires laterally in 
one span and vertically in the two succeeding 
spans. On curves each transposition is made by 
the use of a transposition insulator. 

Lightning rods consisting of No. 12 galvanized 
iron wire are installed throughout the line at in- 
tervals of about 1/3 mile. Each rod is located 
about one-fourth the distance around the pole 
from the bracket and is attached to the pole with 
2-in. galvanized iron staples. The upper end of 
each rod projects about 3 in. above the top of the 
pole and the lower end terminates beneath the butt 
of the pole in a flat coil containing about 6 ft. 
of wire. : 

A lightning arrester is installed on each line 
pole at which the current is transferred from 
the line wire to a station wire. The arrester is 
of the double-pole, lightning and sneak-current 
type, with adjustable and removable carbon blocks 
mounted upon porcelain bases and has fuses to 
protect it from lightning and sneak currents. 
The arrester is connected with No. 12 galvanized 
iron wire to any existing water pipe system near 
by or to a galvanized iron ground rod % in. in 
diameter and 6 ft. in length driven into per- 
manently moist earth. The connecting wire is 
carefully soldered to the water pipe or to the 
ground rod. 

The current is carried into buildings on No. 
18 rubber-insulated copper wire covered with 
black braid saturated with waterproof compound 
and carried on porcelain knobs having a diameter 
of not less than 1% in. The return pole of each 
instrument on ground circuits is connected by 
means of a similar wire to any existing water 
pipe system nearby or to a galvanized iron ground 
rod % in. in diameter and 6 ft. in length driven 
into permanently moist earth. Inside wiring 
consists of No. 18 rubber-insulated copper wire 
covered with braid of a greenish color. Where 
wires pass through walls and partitions insulated 
bushing is provided. 

The telephones are the long-distance bridging 
type, each comprising a granular carbon trans- 
mitter, a two-cell battery, a bi-polar hand receiver, 
a hook switch, a ringer of 2,000 ohms resistance 
and a magneto generator capable of easily operat- 
ing at one time all of the ringers on the line. 


Tests or Quick-Action Arr Brakes of the 
Westinghouse type were made during the past 
summer on the Hungarian State Railroads. The 
train was composed of 71 box cars with three 
passenger coaches interspersed ‘for purposes of 
observation and two testing cars completely equip- 
ped with recording apparatus. Preliminary tests 
were made, the brakes being applied: 275 times, 
with no injurious shock or parting of the train. 
The train was hauled by one and then by two 
locomotives and all the tests are said to have 
been satisfactory. Both Austrian and German 
railroad officials were present at the final tests. 
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A Hydro-Electric Development in Utah. 


A hydro-electric development embracing vari- 
ous features of design, construction and operation 
which are more or less departures from usual 
practice has recently been placed in operation in 
the Utah district of the Telluride Power Co. 
This development is in a system including four 
other hydro-electric stations that supply power to 
the extensive copper mining and smelting opera- 
tions and to numerous cities and towns in the 
vicinity of the Great Salt Lake, and for various 
other purposes. A fifth large development now 
under construction will be included in the same 
system, while a sixth one, also still under way, 
will be operated separately. The power trans- 
mission system by which current is delivered 
from the four stations at present operated in 
conjunction to the different widely-separated con- 
sumers, is one of the most comprehensive in this 
country. 


The original development of the Telluridé 
Power Co. in this district was on the Provo River, 
to miles northeast of Provo, Utah, which is 38 
miles southeast of Salt Lake City, but this devel- 
opment is not in service. The second develop- 
ment was also made on the Provo River, three 
miles downstream from the original one. The 
third development is on the Logan River, near 
Logan, Utah, 75 miles almost straight north from 
Salt Lake City. The fourth station is 23 miles 
south of Salt Lake City on an irrigation canal 
supplied from the Jordan River. 
cently completed project is the one on Battle 
Creek, 12 miles north of Provo. The large de- 
velopment now under construction, which is also 
to be included in the transmission system with 
the four other stations now in operation, is on 
the Bear River, near Grace, Idaho, 135 miles 
north of Salt Lake City. 


-Owing to the nature of the varied industries 
and purposes for which power is supplied from 
the transmission system, the load factor of the 
latter is remarkably high. At the same time, 
peaks occur in the load curve due to the operat- 
ing demands of the various lighting systems 
which are furnished with current, and also to 
certain demands of the mines. Extensive inves- 
tigations were made by the engineers of the Tel- 
luride Power Co. to determine the best means of 
providing for these peaks in the load curve, so 
the main stations could be operated continuously 
at practically the same load. All phases of the 
feasibility of installing a storage battery or an 
auxiliary steam station to furnish the extra power 
necessary were carefully considered in compari- 
son with a hydro-electric development designed 
specially to supply the service required. The in- 
vestigations fully determined that under the exist- 
ing conditions the hydro-electric development 
could be installed on Battle Creek for about one- 
eighth of the cost of a storage battery capable of 
producing the same results. The development is 
also such that it can be operated at a low main- 
tenance expense, as compared with the high cost 
of maintaining a storage battery, and will produce 
power much cheaper than a steam plant operating 
at a low load factor. Furthermore, the power 
required by the storage battery would have to 
be drawn from the generating stations, while the 
new development could be made in such a manner 
that the water could be stored at such times as 
the station was not in service and used at times 
of maximum demand. The station on Battle 
Creek was consequently built to provide for the 
peak-load service, although the amount of power 
available is stich that it is expected to be able to 
operate the station so it will float on the trans- 
mission system and at all times furnish some cur- 
rent to the latter. 


The source of the water power utilized in the 
development is a series of springs on the westerly 


The most re- - 


THE ENGINEERING RECORD. 


side of Mt. Timpanogus, one of the principal 
peaks of the most westerly spurs of the main 
range of the Wasatch Mountains. This peak 
rises to an elevation of over 12,000 ft., and its 
top is covered with snow until late in the sum- 
mer. Although the annual rainfall in the sur- 
rounding region is comparatively light, it comes 
largely in heavy rains, and as the steep sides of 


the mountains are practically free of vegeta- . 


tion, much of the storm water is carried away 
rapidly. The melting snow, however, largely per- 
colates into the soil and appears farther down the 
side of the mountains in perennial springs, the 
volume of flow from which is remarkably uni- 
form. The water from the streams having their 
sources in these springs is entirely appropriated 
for. irrigation in the broad, flat valley at the base 
of the mountains. The rights under which this 
water is diverted have come to have a very 
great commercial value in the intensely irrigated 
region in which the water is utilized. 

For that reason, it was necessary in making the 
development to avoid interference in any manner 
with these rights. This result has been fully ac- 
complished by the methods adopted. The installa- 
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is in a deep, narrow gulch, with the sides of the 
mountain rising abruptly to a great height di- 
rectly above it. As a result, snow-slides occur 
frequently at the site, so the intake had to be 
built to provide against the possibility of de- 
struction from this source. A concrete retaining 
wall, 8 ft. high, 30 ft. long and of large cross 
section, was built across the gulch to form a 
means of diversion. An intake well, 3 x 9 ft. 
in plan, was formed on the upstream side of this 
wall .by a second heavy concrete wall, parallel 
with the first, and by two cross walls. All of these 
walls are on the solid rock ledge and are buried 
below the natural ground surface. A wide bank 
of boulders and gravel was placed on the down- 
stream side of the main wall and covered with a 
double plank floor, fully anchored, as a protec- 
tion against wash. The intake well is covered 
with iron bars, placed transversely and longi- 
tudinally to form a screen with 1-in. meshes. A 
2-ft. flow pipe extends from the bottom of the 
well through the main retaining wall and the em- 
bankment to form a connection with the flow line. 
A 2-ft. waste pipe, fitted with a gate valve, is alsa 
extended through one end of the main wall. 


General View of Station Building. 


tion, therefore, shows how it is possible to de- 
velop the full efficiency of the available sources 
of water for power and for irrigation purposes, 
such as is becoming more and’ more essential in 
the great semi-arid regions of the West. 

The principal springs which have been utilized 
in connection with the development are the source 
of Battle Creek and are on the side of the moun- 
tain, about 3,000 ft. above the valley. A wood- 
stave pipe line, 10,000 ft. in length, extends from 
these springs along a contour on the face of the 
steep foot-hills which form the deep, narrow 
canyon of the creek, to a regulating reservoir on 
the crest of a high, precipitous hill at the edge 
of the valley. A connection made to this pipe 
line 3,000 ft. from the upper end diverts into it 
the water from another spring forming the 
source of a tributary of the main stream. Addi- 
tional springs in an adjacent canyon, at a con- 
siderable higher elevation, can also be made avail- 
able by the construction of a branch pipe line. 
The regulating reservoir at the end of the wood- 
stave pipe line delivers to a force main extending 
down the steep hill sides to a generating station 
at the base of the latter. After the water passes 
through this station it is is discharged into a sec- 
ond regulating reservoir from which it is deliy- 
ered to the stream again at the uniform rate of 
flow of the latter. , 

Intake and Wood-Stave Pipe Line —The intake 
of the wood-stave pipe line at the upper springs 


The 10,000 ft. of wood-stave pipe line leading 
from the intake to the regulating reservoir at the 
head of the pressure line is 2 ft. in diameter and 
is laid on a uniform grade of 0.34 per cent. The 
pipe line is in a bench cut in practically its entire 
length, following the contours of the ground 
around the sides of the hills, in order to main- 
tain the established grades. The gulch of the 
stream from which water is diverted into the line 
by the connection 3,000 ft. from the upper end is 
crossed by an inverted siphon; a second gulch, 
about 2,000 ft. further along, is also crossed in 
the same manner. These siphons are both made 
of wood-stave pipe, with steel connections at the 
break in grade on both sides of the gulch and at 
the bottom, a drain valve also being provided at’ 
the latter in each siphon. The pipe is normally 
of 2 x 4-in. staves, with 9/16-in. round steel 
bands spaced 12-in. apart; on the siphons and at 
curves this spacing is reduced as required. The 
rough topography of the sides of the hills on 
which the line is laid necessitated the introduction 
of several extremely sharp curves of great angle. 
At the worst of the curves, short sections of steel 
pipe were used at the apices of the angles. 

A chamber containing a measuring weir and 
an over-flow spillway which controls the maxi- 
mum level of the water in the upper regulating 
reservoir, is placed on the wood-stave pipe line 
about 400 ft. from that reservoir. This chamber 
consists of an open timber box, 6 ft. wide and 
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57 ft. long, with its axis concentric with the axis 


of the pipe and the bottom just below the invert 
of the incoming pipe. A weir box, 6 x 13 ft. in 


_ plan, is placed in the upstream end of the cham- 
ber, with a weir crest in it 10 ft. above the in- 


vert of the pipe. The latter delivers to a riser 
which overflows into this weir box, so the entire 
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bankments are 1o ft. wide on top, and have 2% 
to 1 slopes on the water side and 2 to 1 slopes on 
the outside, being made fully ample to insure 
against danger of breaks in the rather precarious 
position occupied. The water is admitted at one 
end of the reservoir and taken out at the other. 
The outlet is a 20-in. pipe laid under the embank- 
ment and controlled by a gate valve inside the toe 
of the inner slope of the latter. 

Pressure Pipe-—The outlet from the reservoir 
connects with the power station below by means 
of a pipe line. This pipe line has a total length 
of about 5,200 ft., the difference in elevation be- 
tween its upper and lower ends being over 
1,768 ft. The first part of the line for nearly 


1,600 ft. from the reservoir is laid on a compara- 
tively moderate grade, the drop in this distance 
being 288 ft. The remaining 3,600 ft. has a drop 
of nearly 1,400 ft., which is obtained at a quite 
uniform grade on the nearly straight, steep sides 
of the hill. 


WAP 


General Arrangement of Nozzles and Water-Wheels. 


wood-stave pipe line is maintained full of water 
under pressure at all times. The weir is provided 
to measure the flow in the pipe line, in order that 
the discharge from the station below may be prop- 
erly distributed. The flow over the weir passes 
into a continuation of the open box, and then into 
the section of the pipe line extending to the reser- 
voir. A spillway, 16 ft. wide, is cut on the outer 
side of the box, with its crest at the maximum 
high-water level in the reservoir, for which it 
acts as an overflow. The discharge from this 


spillway falls into a natural water-course, and is ° 


carried directly down the side of the hill, The 


banks of the elevated reservoir are thus entirely 


protected from danger of wash such as might 
be introduced by an overflow arrangement in 


_ them. 


Regulating Reservoir—The regulating reser- 


voir has a capacity of 265,000 cu. ft., and is built 
partly in excavation and partly in embankment, 


close to the crest of the steep hill above the 
power house. It is built to fit the ground, but is 


nearly a 125 x 275-ft. rectangle in plan. The em- 


The upper 1,643 ft. of the line, starting at the 
reservoir, is of riveted-steel pipe with riveted 
joints. The diameter of the pipe in this distance 
varies from 30 in. at the reservoir to 26 in. at the 
lower end of the section of the line in which it is 
used. The thickness of the shell is increased from 
0.134 in. at the upper end to 0.3125 at the lower 
end of this section, as the pressure is increased. 
This riveted pipe was built according to usual 
practice in design and construction by the Spring- 
field Boilers Works, of Springfield, Ill. 

The balance of the line is lap-welded steel pipe, 
in 30-ft. lengths, and was built by the Actien- 
gesellschaft Ferrum, of Germany, being shipped 
by water to Galveston, Texas, and then by rail 
to the work. The first 1,400 ft. of the lap- 
welded pipe, with static heads gradually increas- 
ing from 290 ft. to 1,100 ft. has a special form of 
riveted joint between the lengths. The balance of 
the joints are a specially designed type arranged 
to carry the static heads of from 1,100 ft. to 


1,768 ft. with a good factor of safety. The caulk- 


ing of the flange joint used for the high heads 
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is such that leaks are almost impossible so long 
as the bolts between the sections hold. The out- 
side of the lap-welded pipe varies from 24-in. in 
diameter at the upper end of the section in which 
it is used to 20-in. at the power house. The 
thickness of the shell ranges from %4-in. at the 
high end of the lap-welded pipe section to 7%-in. 
at the power house. 

A practically straight alignment and a uniform 
grade were obtained for the first’2,900 ft. of the 
line up the hill from the power station, in which 
distance the highest pressures are encountered. 
In this distance, also, the pipe is laid in a trench 
and covered to a depth of about 4 ft. At the few 
slight changes in grade or alignment anchors were 
provided. These anchors each consist of heavy 
rod of Norway wrought-iron wrapped around the 
pipe and attached at both ends to the solid ledge 
rock. The pipe terminates at the bottom in a 
large, heavy block of concrete, which forms the 
base of the rear end of the station building. 

Station Building.—tThe station building occupies 


‘a remarkably commanding situation at the base of 


the high, steep hill down which the pressure pipe 
is laid. The ground slopes away in front of the 
building to the broad irrigated valley below, with 
Utah Lake at one end of this valley and the 
Oquirrhi Mountains rising abruptly on the oppo- 
site side of the valley from the station. As may 
be seen from the accompanying illustrations, the 
station building has an aunusually attractive ex- 
terior appearance, designed to be in keeping with 
the surroundings. The building is a high one- 
story structure, 50 x 95-ft. in plan, with brick 
side walls on a concrete base, and with a low root 
carried by steel trusses. The rear end of the 
structure is in an excavation in the solid rock 
side of the hill on which the pressure pipe is laid, 
while the front end extends out on a slight slope 
in the ground and has a broad portico with six 
large Ionic columns supporting the roof over this 
portico. 

The entrances to the building are on the sides, 
the front wall back of the portico being blank. 
The interior is divided into a main room, ‘32 x 80 
ft. in plan, for the equipment, and a 16. x 50-ft. 
room at one side for a machine shop and storage. 
The interior walls are coated with white plaster, 
finished smooth; the floors are concrete. A good 
amount of window space in the side walls, to- 
gether with the interior finish, produce good light- 
ing effects during the day. At night a uniform 
distribution of light is obtained by placing elec- 
tric lamps in the roof trusses, with shades which 
throw the light against the white ceiling so it is 
reflected back into the room without any glare. 

Generating Equipment.—The main room of the 
building contains a single water-wheel-generator 
unit in which the entire ultimate capacity of the 
station is embraced. This unit occupies the rear 
end of the room, the pressure pipe being brought 
through under the rear wall in the solid mass of 
concrete at its lower end. The hydraulic part 
of the unit is a double Pelton water-wheel, 
mounted on a single shaft and in a single case. 
The wheels are on an extension of the shaft of a 
2,400-kw. 2,300-volt 60-cycle General Electric gen- 
erator. The unit operates at a normal speed of 
300 r. p.m. The generator has an overload capa- 
city of 4,000 electrical horse-power, which can be 
maintained for 4 hr. without heating, and which 
amount of power the water-wheels are capable 
of developing. 

The shaft of the unit is mounted on three bear- 
ings, one on each side of the generator and one 
on the opposite side of the wheels from thé gen- 
erator. The outboard generator bearing, built 
by the Pelton Water Wheel Co., is 9-in. in diam- 
eter, and is of the machined ball-and-socket type. 
The bearing is in a tight case partially filled with 
oil, which is carried up on the shaft by loose rings 
riding on the latter, the boxing having a lower 
half only. 
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Each water wheel is a forged steel disk, on the 
periphery of which are mounted twenty-four of 
the highest type of cast-steel Pelton tangential 
buckets. The wheels operate under an effective 
head of 1,750 ft. at low stages in the reservoir, 
and under maximum effective head of 1,775 ft. 
Water is supplied to each wheel through a sepa- 
rate Pelton needle deflecting nozzle. The size of 
the stream applied to the buckets is hand regu- 
lated by means of the needle part of the nozzle 
through a standard mounted on a floor directly 
over the rear end of the nozzle. For changes in 
the speed of the wheels, each nozzle is deflected by 
means of a Pelton pilot control apparatus 
mounted on the floor in front of the unit. — 

A diagrammatic sketch of this pilot control is 
shown in one of the accompanying illustrations, 
in which the control proper is set up as in the 
building, but the nozzle is placed directly under it 
for convenience of illustration. The control ap- 
paratus consists of a floor stand which carries at 
the top a hand wheel and a traveling nut on a 
horizontal screw, with a pointer for indicating 
the position of the nozzle. Within the floor stand 
is a piston valve, levers and links. The piston 
valve is piped to a hydraulic cylinder located 
under the deflecting nozzle of the water wheel. 
A piston in this cylinder is connected to the noz- 
zle by means of links. Fastened to this nozzle 
is a cord which passes over a series of pulleys 
and terminates at-the pilot control in a counter- 
balance of sufficient weight to keep the cord taut. 
This cord is fastened to the lever AD in the con- 
trol stand, at the point A. 

In operation the apparatus then works as fol- 
lows: To put a stream on the buckets, turning 
the hand wheel in a clock-wise direction moves 
the traveling nut D back from the hand wheel 
to the point C. The lever AD fulcrums on the 
point A and moves the piston of the valve in- 
ward. This allows the pressure to escape to the 
bottom of the hydraulic cylinder at the nozzle and 
opens the top of that cylinder to a discharge port. 
As soon as pressure is brought to bear on the 
outside of the piston in the cylinder, the deflect- 
ing nozzle is forced upward. Simultaneous with 
this movement the weight drops and moves the 
fulcrum A to the point B, which again throws the 
piston in the piston valve of the control outward, 
bringing it to the same point as it was before the 
operation was started. 

If it is desired to throw the water off the 
buckets in order to shut down the wheel, this 


may be accomplished by turning the hand wheel - 


on the control in an anti-clock-wise direction so 
pressure is applied to the top of the piston in the 
cylinder under the nozzle and released at the bot- 
tom. : 

The pair of deflecting nozzles for the two 
wheels are attached to a Y-connection at the end 
of the pressure pipe imbedded in the mass of 
concrete under the rear end of the building. 
Each branch of the Y is fitted with a hydraulically 
operated gate valve, placed in a covered pit in 
the concrete at the tear of the wheel case. The 
operation of each of these valves is controlled by 
a hand wheel mounted on a standard on the floor 
at the rear of the unit. In order to avoid any 
disastrous effects from water-hammer in the 
pressure pipe, caused by too rapid closing of these 
valves, or by other conditions, a relief valve is 
placed in a connection to the line directly back 
of the junction of the branches of Y. 

The discharge from the nozzles when diverted 
from the buckets is directed against a curved 
baffle plate set in the end of the concrete which 
forms the pit under the wheels. This baffle plate 
is arranged so the streams strike it tangentially 
and their direction is changed to 90 deg. The 
stream is thus thrown into a deep splash pit 
where its remaining force is absorbed and the 
water delivered to the tail race practically quiet. 
The tail race from the pit leads under the build- 
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ing to the regulating reservoir below. The 
hydraulic equipment was designed and built by 
the Pelton Water Wheel Co. in San Francisco. 

The regulating reservoir is circular in plan, 
with a diameter of 180 ft. and has a capacity of 
400,000 cu. ft. It is also partially in excavation 
and partially in embankment, without lining, as 
the embankments are water-tight. 

Operating Conditions—The minimum amount 
of water available from the springs which have 
been developed is about 10 cu. ft. per second. 
This amount of water is, of course, insufficient 
to operate the station continuously to the full 
capacity of the generator. It is, however, the in- 
tention to supply only a small amount of power 
to the transmission system, except during maxi- 
mum demands on the system for power. Mean- 
while water will be stored in the regulating reser- 
voir at the head of the pressure line, and then 
drawn as the occasion demands. With the pres- 
ent available water supply, the station can thus 
be operated to the full capacity for 6 hr. each 
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Diagram of Pilot Control. 


day. Later, when the other springs are developed, 
the amount of power available will be practically 
doubled. 

The regulating reservoir below the station per- 
mits the water to be used in this manner as de- 
sired, without in any way interfering with the 
rights of the irrigators in the valley. The water 
entering the reservoir on the hill is measured, and 
the quantity discharged from the reservoir below 
the station into the creek again is also measured. 
Any leakage in the system is thus determined and 
at once located. When the water is diverted into 
the pipe line from the springs in the adjacent 
canyon it will be separately returned below the 
station to the valley of the stream supplied by 
those springs. 

Construction—The construction of the wood- 
stave and pressure pipes presented difficulties of 
considerable magnitude due to the trouble of de- 
livering the materials up the steep hillsides. A 
36-in. gauge tramway track was laid up the steep 
hill side close to the pressure pipe, the grade on 
this track being as steep as 30 deg. from the 
horizontal. A 25-h.p. hoisting engine was in- 
stalled at the base of the incline and hauled a 
four-wheel truck up the latter by means of a 
54-in. steel cable rove through a sheave wheel 
attached to a buried anchor at the top of the in- 
cline. All of the materials of construction and 
the men were thus transported up the hill, which 
is so steep as to make climbing a laborious task. 


‘roof had been completely destroyed. 
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The bench cut in which the wood-stave pipe is 
laid from the intake at the springs to the upper 
regulating reservoir was made along the sides of 
the hills in advance of the pipe laying. The 
latter was started at the intake and carried for- 
ward continuously, the pipe being built in place. 
The staves and bands were delivered to the head 
of the incline, where they were loaded on a spe- 
cial wagon on which they were hauled to the 
work. This wagon had narrow trucks built to 
travel on the narrow cut. The rear truck was also 
arranged so it could be turned by hand, like the 
rear truck of a fire-ladder wagon, in order to 
enable the wagon to be operated ‘around the sharp 
turns in the line of the pipe grade. 

The regulating reservoir was built with teams 
and scrapers, the teams being brought up to the 
top of the hill each day by a round-about trail. 
The scrapers and all material used in building 
the reservoir were delivered on the incline. 

The transportation of the heavy steel pipe up 
the steep grades of the incline involved much 
hazardous work. The 30-ft. sections weigh from 
2 to 4 tons each, and were hauled up over the in- 
cline one at a time on the truck, which had a 
heavy block of wood on each end cut to fit half- 
way up on the pipe. The section was also thor- 
oughly lashed to the truck to hold it in place on 
the steep grades. 

The pipe was delivered from the truck at three 
points, at each of which points a bench cut was 
made in the hillside, leading from the tramway 
to the site the pipe was to occupy. After a sec- 
tion of pipe was unloaded from the truck it was 
slung by a cable attached to an anchor above and 
was thus held from sliding down the hill until 
it had been placed in the line. All of this 
hazardous work was accomplished without in- 
juring a man. 


The Fire at the Dayton Motor Car Com- 
pany’s Building. 


On Feb. 20, a fire broke out on the fourth 
floor of a new concrete building of the Dayton 
Motor Car Co., Dayton, Ohio. This floor con- 
tained the upholstering and final assembling de- 
partments and the materials there caused such a 
hot fire that some of the sprinklers and steam- 
heating pipes were bent and twisted. Fire doors 
had not yet been placed between this building 
and an adjoining brick structure, and the flames 
accordingly passed to the latter. When this hap- 
pened the firemen concentrated their attention on 
it and succeeded in checking the fire there after 
the upper two floors and their contents and the 
The ex- 
tent of the damage to the new building consists 
of the destruction of perhaps half of the window 
sash in the fourth story,:and of about half the 
flooring, together with the piping before men- 
tioned. The fire was communicated to the fifth 
floor to a slight extent, but did little damage to 
its contents. The owners state that they con- 
sider the damage to this building amounts to 
little or nothing. This building was designed in 
accordance with the Kahn system of construc-— 
tion and was built by the Keppele Hall Co., of 
Dayton. The latter made an examination of the 
structure immediately after the fire and reported 
as follows concerning it: “The only damage 
that we have been able to discover is that the 
concrete on the corners of some of the columns 
and the edges of the beams over the hottest part 
of the fire has become vitiated so that it can be 
knocked off with a hammer. There is no evyi- 
dence of any deflection or cracking of any of 
the beams and girders, and as far as we can judge 
the steel has not been affected in any way. The 
cement floor on the fourth story blistered and 
cracked over half the area on account of the in- 
tense heat and resultant expansion, but the slab 
below remains uninjured.” : 
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The Application of Electric Power to Pulp 
and Paper Mills, 
By LeRoy M. Harvey, of Allis-Chalmers Company. 


The wonderful progress made in the last 
decade, particularly during the last five years, in 
the application of electricity as a motive power to 
all branches of commerce and industry, has awak- 
ened the interest of the whole manufacturing 
world to its possibilities, and the paper mill op- 
erator is to-day making a conscientious investiga- 
tion into the results to be secured by the applica- 
tion of this power to his own particular branch 
of industry. The scheme of power transmission 
which has prevailed in paper mills has a parallel 
in that to be met with in any other factory of 
equal or greater size not already equipped with 
electric motors. A distinguishing difference, how- 
ever, between the paper mill and the other types 
of factories is found in the fact that in possibly 
no other industrial establishment is the percentage 
of losses due to an inefficient system of power 
transmission so great as in the paper mill; and, 
as a consequence, in no other type of industrial 
establishment is the percentage of saving result- 
ing from electrical equipment so large. 

No line of improvement in paper-mill equipment 
will contribute more to the securing of low cost 
of production and high-grade output than the 
adoption of the electric system of power trans- 
mission. This is a very broad statement, but it 
can be substantiated by a careful investigation of 
the results obtained from mills which are actu- 
ally equipped with the electric system. Naturally, 
the first question which arises in the mind of the 
mill operator is wherein will the use of elec- 


‘tricity as a motive power lead*to lower cost of 


production and a higher grade output. The 
answer to this question is found in a number of 
primary effects resulting directly from the use of 
the motor drive, each one of which bears its 
part in securing the final result above mentioned. 
These primary effects may be classified as fol- 
lows: (1) Reduction of transmission losses, (2) 
greater reliability, (3) greater elasticity, (4) re- 
duced cost of maintenance, (5). steady speed 
throughout the mill, (6) ideal conditions for the 
paper machine, (7) saving in space, (8) decreased 
chance of injury to employees, (9) greater cleanli- 
ness. 


Reduction of Transmission Losses—In every’ 


mill with old style equipment the quantity of 
belting, pulley, hangers and shafting is some- 
thing appalling, and the losses of transmission 
through this complex system are very large. Ac- 
tual tests show that these losses vary from 40 to 
60 per cent of the power delivered at the engine or 
water wheel shaft; 50 per cent being a very fair 
average. This figure, of course, does not apply 
to the grinders or the beater shaft when driven 
direct, as is usually the case. The more com- 
plex the system of shafting and bolting becomes, 
and the greater the distance of transmission from 
the source of power, the more rapidly does the 
percentage of friction loss increase. In com- 
parison with this we are able, with the electric 
system, to transmit power from the shaft of the 
prime mover to the shafts of driven machines 
with an average loss of from 20 to 25 per cent, 
from 3 to 5 per cent of this being in the wiring 
and the balance in the generators and motors. 
Moreover, we reduce the loss to this low point 
regardless of the complexity of the system or the 
distance of transmission. 

A modern two-machine mill, with the prevailing 
tendency towards large size machines, will require 
outside of the grinders from 1,500 to 2,000 h.p. 


Assuming the minimum saving of 15 per cent on 


this, we shall have a net gain of from 225 to 300 
h.p., a very considerable sum when reduced to 
In a steam-driven 
mill this saving vould be represented by the de- 


creased consumption of fuel; in a mill where 
é 
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water is the prevailing power the saving will 
appear in the additional volume of water avail- 
able for grinding pulp, or for extensions. 

Greater Reliability—Where the operation of 
any particular machine or line shaft is dependent 
upon that of a number of other shafts, with many 
belts intermediate between this machine or shaft 
and the prime mover, there is always the liability 
of an entire shut-down, dué to the failure of one 
of the intermediaries. In a paper mill this possi- 
bility is increased by reason of the fact that many 
of the belts are large and very heavy, causing a 
great strain upon the shaft, hangers and pillow 
blocks and resulting in throwing the shafting out 
of alignment and heating the journal boxes, to say 
nothing of breaking the belts themselves. It 
should not be forgotten, either, that a shaft out 
of alignment rapidly increases the friction losses. 

With the electric system there are no inter- 
mediaries. Each motor, with the machine or 
shaft which it drives, is really a separate unit, 
and, as the failure of the wiring is a most unusual 
occurrence, is dependent on nothing but the oper- 
ation of the prime mover itself. The motor 
troubles, of which we occasionally hear, are in 
nearly every case directly traceable to poor en- 
gineering in laying out the installation or to negli- 
gence on the part of those employed to look after 
the electrical apparatus. 

Greater Elasticity—The term elasticity as ap- 
plied to an electric system of power transmission 
is intended to convey the idea of easy expansion 
and application to all of the many power problems 
encountered in the modern mill or factory. If 
the mill operator wishes to install new apparatus 
he does not have to stop to figure out how he is 
going to get power to the new machines; he knows 
that all he has to do is to install a motor and 
run a wire to it. 

Another phase-of this elastic system lies in our 
being able to distinguish between the different 
types of power service required throughout the 
mill and to treat each individual case on its 
merits and in the manner calculated to secure the 
highest efficiency of operation. In the old system 
it was always a case of belting; but with the 
electric system we can either direct connect, gear 
or belt the motor to the driven machine, as may 
seem best. In general, for paper mills it is bet- 
ter to direct-couple wherever this can be done 
without too great an investment in the motor by 
reason of the necessity for very slow speeds. 
The scheme usually followed, and which we 
recommend, is to direct-connect the centrifugal 
pumps, Jordans, barkers, log saw, and variable 
speed shaft of the paper machines; gear all duplex 
or triplex pumps, rotaries, calenders and wet 
machines; gear or belt the conveyors, rag dusters 
and cutters; and belt the beaters, elevators and 
all group drives. The grinders, in our opinion, 
it is better to direct-couple to the water wheel 
shafts, although there are some who favor driving 
these also by direct-connected motors. 

Reduced Cost of Maintenance——Every one who 
has had experience with a complicated system of 
belting and shafting well knows what it means 
to keep it in running order. In the average paper 
mill much of the time of the mill-wright and his 
assistants is required for this work. In an electri- 
cally equipped mill, the chief engineer and his 
assistant can easily take care of the electrical 
apparatus, for all they have to do is to see that 
the bearings of the motors and generators are 
properly lubricated, and, in case the equipment is 
of the direct-current type, to keep the commu- 
tators clean and the brushes properly adjusted. 
With alternating-current motors, which have no 
commutators, there is nothing to require atten- 
tion but the bearings. Burn-outs in the windings 
of the motors are practically unheard of, but even 
if they should occur, the motor can be repaired in 
less time and with less expense than is required 
to restretch a broken belt or replace a melted-out 
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journal. The services of at least one man and 
possibly two or three are saved outright and 
there is practically no expense for supplies, as 
none are required except for extensions after the 
installation is completed. 


Steady Speed—One of the many drawbacks to 
the belt and shaft scheme of transmission lies in 
the constantly changing speed throughout the 
system. This change is not due sa much to vari- 
ation in the speed of the prime mover as it is to 
the effect of starting and stopping the various 
shafts or machines comprising the system. A 
heavy load, thrown on or off in this way, reacts 
upon the apparatus nearest to it on the system, 
instead of upon the prime mover as it should. 
With an electric installation, however, the effect 
of starting or stopping any motor is carried back 
to the switchboard which is connected directly 
to the prime mover, and, as the prime mover is 
always provided with a governing device to con- 
trol its speed, the other machines on the system 
are not interfered with. There are many ma- 
chines where a continued variation in speed be- 
comes a serious matter, and at all such times such 
changes impair the running efficiency of the mill 
and tend to lower the quantity and quality of the 
output. 

The paper machine itself is the very heart of 
the mill, and the successful operation of the 
auxiliary apparatus is of no avail if there is 
trouble at this point. Nothing contributes so 
much to the ideal conditions for operation as a 
steady speed, which can at the same time be 
readily varied, and uniform temperature in the 
steam which is used for drying. Both of these 
requisites are possessed by the electric system. We 


derive from the prime mover an almost constant 


speed. This speed, through the agency of the 
variable-speed motor which has proved ,so satis- 
factory in service, can be varied at the will of the 
operator over a very wide range, and at the same 
time the motor maintains practically a constant 
efficiency. Variable-speed motors on paper ma- 
chines, in actual operation to-day, have a ratio 
of speed change of 2 to 1 under these constant 
conditions of efficiency, and it is entirely practi- 
cable to get as high as 3 or even 4 to I. By the 
use of a controlling device and multiple voltage, 
although this slightly decreases the efficiency of 
operation, that ratio of speed change may be still 
further increased to 6, 8 or even 10 to 1. One of 
the most important features of the speed change 
lies in the fact that the successive increments of 
the change are very small; each step on the con- 
troller means a change of only 1% to 2 revolu- 
tions on the motor or on the variable-speed shaft 
to which the motor is direct-coupled. The speed 
can be varied over the entire range without a 
shutdown, which means that the machine tender 
can change from one grade of paper to another, 
no matter how great a difference, without stop- 
ping the machine. The difficulties of maintain- 
ing a constant speed, when the machine is driven 
from an engine operated under a varying steam 
pressure and varying load, are to well known to 
require more than mention. 


The single objection raised by some manufac- 
turers to the electric system is with regard to the 
economy of the drive on the paper machine itself. 
They contend that as long as it is necessary to 
use steam for drying it would be better to drive 
the machines by engines and use their exhaust 
rather than drive by motors and dry by live 
steam. In a consideration of this point we should 
divide the mills into two classes: first, those 
whose initial power is water, and, second, those 
whose initial power is steam. We are certain 
that even the most ardent advocates of the use 
of steam engines and exhaust steam will admit 
the superiority of electric drive in the case of 
mills of the first class, for there can be no ques- 
tion that the generation of electric power from 
water is cheaper and more efficient than the gen- 
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eration of steam power from coal. The only 
argument, therefore, is with respect to mills of 
the second class. Many such mills, partially 
steam driven, could be placed in the water-power 
list by the adoption of the electric system, the 
power thus saved being equivalent to that pro- 
duced by steam. Admitting, for the sake of 
argument, that in mills of the second class it is 
more economical to use engines on the machines, 
which contention is open to dispute, the many ad- 
vantages of the electric drive are more than 
sufficient to outweigh the possible saving in fuel. 
Moreover, we see no reason why the exhaust 
from the main engine driving the electric gener- 
ators could not be used for drying if desired; 
and if this is done the question of economy is 
wiped out entirely. Another contention which 
has been advanced by paper manufacturers who 
are using the electric drives on their machines and 
live steam for driving, is that the use of live 
steam permits maintaining a constant temperature 
on the dryers, resulting in a uniform sheet of 
paper of high finish, a condition which cannot 
be as easily secured by exhaust steam on ac- 
count of the varying pressure in the line. If the 
mill be driven by water power, no engines what- 
ever will be required; if by steam, the engines 
will be used solely to drive the electric generators 
in the power house. In either case the drying 
will be done by live steam taken- directly from 
the boilers, and brought down to the proper press- 
ure through a reducing valve. By this method we 
are assured of a constant pressure, which means 
a uniform temperature in the dryers of the ma- 
chines. There is, of course, no reason, in a steam- 
driven mill, why the exhaust from the engines 
driving the generators cannot be used for this 
purpose if desired, ‘but if the drying is done with 
exhaust steam, it is almost out of the question. to 
maintain a uniform temperature, as the exhaust 
frequently drops to so low a temperature that it 
is practically water and of little value for drying. 
Admitting for the sake of argument, that it is 
cheaper to dry with exhaust than with live steam, 
which fact is open to dispute, the advantages of 
the live steam outweigh any possible saving in the 
use of the exhaust. 

Saving in Space—Doing away with so much 
shafting, with its accompanying array of pulleys, 
belts, hangers and pillow blocks, naturally re- 
lieves, to a great extent, the conjestion which 
exists in the average mill. As the motors are 
mostly direct-geared or coupled, very little space 
is required by them, thus permitting placing the 
various machines close together, and at the same 
time affording ready access to all. As the re- 
sult, a large floor space is available for the stor- 
age of stock, and for storage in such a manner 
as to afford ready access, not only to the stock 
itself, but also to adjacent machinery. 


Injury to Employees——The protection of the 
lives and limbs of his employees is, naturally, one 
of the first thoughts of a manufacturer, and yet 
hardly a day passes but that we read of some 
operative getting caught by a belt, pulley or 
shaft and either losing his life or being seri- 
ously injured. Such accidents it is almost impos- 


sible to prevent where a system of shafting is in, 


use—the two evils are co-existent. There is also 
a sequel to accidents of this character in the 
shape of damage suits which, under the employer’s 
liability laws existing to-day, frequently results 
in large losses to the owners of plants. In a 
recent case of this kind the plaintiff, a mill hand, 
received a verdict of $15,000, which was confirmed 
by the Supreme Court. 


Cleanliness —“Cleanliness is next to godliness,” 
says the old maxim, but in a paper mill cleanli- 
ness is of paramount importance, and nothing 
contributes more to a high-grade product than 
clean stock and a clean mill, particularly a clean 
machine room. Belts, pulleys and shafting are 
potent disseminators of dust, and the only safe- 
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guard against it is to do away with them all. 

As an illustration of what can be accomplished 
by the adoption of the system advocated in the 
preceding paragraphs, a brief description of the 
new mill of the Watab Pulp & Paper Co., may be 
interesting., This mill is located on the Missis- 
sippi River at Sartoll, Minn., a few miles above 
St. Cloud, and was described in The Engineering 
Record of April 6, 1907? 

The mill buildings are all of reinforced con- 
crete. and consist of a machine room and base- 
ment 72 x 289 ft., a beater room and basement 
40 x 122 ft., wood room and basement 36 x 70 ft., 
boiler house 58 x 72 ft., pulp mill 32 x 152 ft., 
pump room 20 x 70 ft., and power house 32 x 72 
ft. The boiler room contains two Stirling boilers 


which furnish steam for heating the buildings and. 


for drying the paper. All the power used in the 
mill, with the exception of that for the nine 
grinders which are direct-coupled to water- 
wheels, is generated in the power house located 
near the center of the river immediately adjoin- 
ing the grinding room. A dam 600 ft. long was 
thrown’ straight across the river and affords a 
head of approximately 17 ft.; the power house and 
grinding room form a part of the dam, and the 
remainder consists of gates and spillway of the 
ordinary rock-filled crib construction. 

The generating equipment consists of three 600- 
k.w., three-phase, 60-cycle, 480-volt, alternating- 
current, revolving field generators, each direct- 
connected to a sextuplex water-wheel operating 
at a speed of 200 r.p.m. The exciting current for 
these generators is supplied from a 75-kw., I20- 
volt, direct-current generator, coupled to a single 
water-wheel or from a motor-driven exciter of 
the same capacity. Two motor-generator sets, 
each consisting of a 250-kw., 240-volt, direct- 
current generator coupled to a 480-volt synchro- 
nous motor supply current to the variable-speed 
motors in the machine room. The alternating 
system was adopted as being best suited to with- 
stand the rigorous requirements of paper mill 
work and least liable to give trouble with motors 
when located in moist places so common in very 
mill. The current is distributed through a 13-panel 
blue Vermont marble switchboard arranged with 
wattmeters and ammeters so that an accurate log 
may be kept of the power required by each sepa- 
rate department. Thirteen feeder circuits carry 
current to 51 constant-speed alternating-current 
induction motors and to eight variable-speed 
direct-current motors. 

The machine room contains two 154-in. Beloit 
machines. The variable-speed shaft of each ma- 
chine is driven by a 250-hp. variable-speed direct- 
current motor coupled directly in the center of 
the shaft. This motor operates at a speed of 
270 to 540 r.p.m., corresponding to a paper speed 
of from 300 to 600 ft. per minute. The entire 
variation is accomplished by means of resistance 
in the shunt field of the motor. The field rheostat 
controlling the speed of the motor has 138 steps, 
which means a change of approximately 2 ft. per 
minute in paper speed for each step. -It must be 
borne in mind, too, that the changing of speed is 
accomplished without any loss of time whatever, 
as the controller is located on the machine room 
floor, about midway of the drying rolls, and the 
movement of the controller handle is but the 
work of a second for the machine tender. The 
rewinder at the head of each machine is also 
driven by a variable-speed 30-hp. direct-current 
motor having a speed range of 2 to 1. Two 7%- 
hp. motors of the same type, with 25 per cent 
speed variation, operate the shakes of the two 
machines. The only other direct-current motors 
in the mill are two of 5-hp. capacity with a 
speed range of 2 to 1, which drive special cutters 
in the machine room basement. 

The group at the wet end of each machine, in 
addition to the shake, consists of a save-all 
driven by a 5-hp. back-geared induction motor, a 
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suction pump driven by a 30-hp. geared induction 
motor, a fan pump with a 4o-hp. direct-coupled 
motor, a machine pump with a 7%4-hp. geared 
motor, and a machine chest agitator and flat 
screens driven by a 30-hp. belted motor. To this 
group belong also the broke beater driven by a 
4o-hp. belted motor and the broke beater pump 
driven by a 40-hp. direct-coupled motor. 

The beater room contains six beaters and two 
“Majestic” Jordan engines. The beaters are driven 
in pairs, one right and one left, by three 100-hp. 
motors located in the basement. These motors 
have their shafts extended both ways, with pulleys 
on either end; outboard bearings are also pro- 
vided to insure rigidity and freedom from belt 
slappage. Belts connect the motors directly with 
the beater pulleys. The drive for the Jordans is 
one of the most noteworthy in the mill. Each 
Jordan is directly coupled to a 150-hp. motor 
operating at 312 r.p.m. The base of the Jordan 
is extended to receive the motor, which is ar- 
ranged to slide on rellers as the plug is moved 
in or out by means of the regulation hand wheel. 
In the beater room basement are located the 
stock pumps for supplying the Jordans, each 
driven by a 7%4-hp. geared motor,’ and also the 
Jordan chest agitators driven by two 15-hp. belted 
motors. The controllers for starting and stop- 
ping all motors governing the supply of pulp to 
the beaters and Jordans are located on the beater 
room floor, so as to facilitate rapid handling of 
stock. ( 

In the pump room are located the pumps con- 
trolling the water supply and those for handling 
the ground wood pulp. The entire water of. the 
mill, outside of the boiler feed, is obtained through 
three 6-in. centrifugal pumps, each direct-con- 
nected to a 40-hp. motor. An underwriter’s pump 
is used for fire purposes only. Two centrifugal 
pumps for pumping pulp from the grinders to 
the flat screens in the wet machine rooms are 
located in a pit beneath the pump room. Each 
of these is direct-connected to a ,50-hp. motor. 
In this room are also the centrifugal Decker 
chest pump direct-coupled to a 40-hp. motor, the 
triplex pressure pump for grinders driven by a 
4o-hp. geared motor, the triplex back-off pressure 
pump driven by a 7%4-hp. geared motor and the 
silver screen driven by a 5-hp. back-geared motor. 

The wet machine room contains five wet ma- 
chines, two deckers and twelve flat screens. The 
wet machines are each driven by a 10-hp. back- 
geared motor. The flat screens, which are lo- 
cated immediately back of the wet machines, are 
driven through friction clutches connected to a 
line shaft by means of a mitre gear, this line 
shaft being direct coupled to a 100-hp. motor. 
The deckers are driven by belt from the wet- 
machine shaft. A machine shop adjacent to the 
wet machine room is driven by a Io-hp. belted 
motor. 

The wood room equipment consists of six bark- 
ers and a 60-in. log saw with the necessary con- 
veyor. The logs used for making pulp are taken 
from the river to the saw by a log haul, which is 
driven by a 5-hp. back-geared motor. The saw 
and live rolls are direct-coupled to a 3o-hp. 
motor, the coupling being of sufficient weight to 
act as a flywheel and thus reduce the actual power 
required for sawing. The sawed wood is carried 
to the barkers by a conveyor driven by a Io-hp. 
back-geared motor; this same motor also drives 
a splitter. The barkers are each driven by a 7%4- 
hp. direct-coupled motor, the iron base of the 
barker being cast with a pedestal to receive the 
motor. The prepared wood is carried to the 
grinding room by a conveyor driven by another 
10-hp. back-geared motor. A shaving fan driven 
by a 40-hp. belted motor blows the chips from the 
barkers directly on to the boiler grates. What 
additional coal fuel is required is carried in hop- 
pers above the boilers. A t1o-hp. back-geared 
motor drives a bucket elevator which fills the 
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hoppers directly from the cars in which the coal 
is shipped. 

The Watab mill has now been in continuous 
operation for nearly one year. It began making 
paper a few hours after current was first turned 
on, and has not been shut down since due to 
failure of equipment, a most unusual perform- 
ance for a mill of this size. The complete elec- 
trical installation was furnished by Allis-~Chal- 
mers Co. and the design and specifications were 
prepared by engineers of the Allis-Chalmers Co. 
-acting in conjunction with the mill superintend- 
ent and Mr. Samuel Holmes, paper mill expert 
and. engineer. ‘ 


An Ornamental Elevated Water Tank. 


A 15,000-gal. elevated reinforced concrete water 
tank has been constructed recently at Katonah, 
N. Y., in connection with a private water supply 
system for the estate of Mr. Edwin Tatham. The 
‘ tank proper is cylindrical in form, having a depth 
cS) of 7 ft. and an inside diameter of 20 ft. It is sup- 
ported on nine columns, one under the center of 
‘the tank and the others arranged symmetrically 
4 in the plane of the cylindrical surface. It is cov- 
ered with a tin roof supported on radial wooden 
rafters with wide eaves. To conceal the charac- 
ter of the structure and to bring its appearance in 
harmony with the immediate surroundings, orna- 
mental urns will be placed at each column in 
which will be planted vines, the foliage of which 
will ultimately cover the whole surface of the 
tank. The area enclosed by the columns will be 
paved with tiles and rustic seats will be provided 
iy so that the sheltered space can be used as a sum- 
i mer tea room. 

: The tank wall has a uniform thickness of 12 in. 
and is reinforced with a single thickness of Clin- 
ton wire cloth placed near its outer surface. Under 

; the floor slabs are four radial girders arranged 

. as shown in an accompanying illustration. Each 

of these girders is 18 in. wide and 12 in. deep, not 

including the thickness of the 12-in. floor slab. 

Each girder is reinforced with eight 34-in. Ran- 

some bars, six of which are placed in a plane near 

the under surface of the girder, the remaining 


two being placed just above this place, one in each 


side of the girder. Clinton wire fabric is placed 
; across the bottom of each girder just below the 
rods and up each side and extending into the 
floor slab a short distance. The floor slab is re- 
inforced near its lower surface with wire cloth 
in strips 4 ft. wide. A single layer of fabric was 
first placed across the floor in one direction 
parallel to one pair of the radial girders, and then 
over this a single strip was laid with its center 
line over the other pair of girders. 

‘ Each of the circumferential columns is 24 x 
18 in. in section and 8 ft. high. Each column is 
reinforced with four 34-in. Ransome bars, one in 
AM, each.corner. This vertical reinforcement is sur- 
rounded with wire fabric which serves in place of 
the usual hooping. The center column has the 
‘same length and reinforcement, but is 2 ft. square. 
The concrete used in the floor and floor girders 
it is a mixture of I part of Edison Portland cement, 
4 parts of sand, and 2 parts of crushed stone 
which passed a 14%4-in. mesh screen. In the tank 
wall and columns a 1:3:3 mixture of the same 
materials was used. All the concrete was mixed 
exceedingly wet and was literally poured into the 

cae», forms: 
The columns were poured first in the usual man- 
ner and allowed to set before the work proceeded 
further. When the floor and floor girders were 
poured, all concrete in these was placed in one 
operation. The work was done during summer 
weather, and it was felt that to place a layer of 
concrete on the decking, lay the reinforcement and 
___ then continue concreting would not secure the best 
__ results, owing to the detrimental effect of the sun 
‘on the thin layer of concrete first laid on the deck- 
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ing. In order to avoid this danger the reinforce- 
ment was all fixed in place, the wire cloth being 
stretched tight and supported on small blocks of 
wood tacked to the decking; then the concrete was 
laid, care being taken to work it through the 
meshes of the wire fabric and thoroughly fill the 
space between the reinforcement and the decking 
and also the girders below. The wetness of the 
mixture, the large percentage of sand used, and 
the rather large meshes of the wire cloth facili- 
tated these operations and the results secured are 
very satisfactory. The floor reinforcement was 


carried up into the wall a short distance and the. 


latter was constructed after the floor concrete was 
in place. 

Special care was taken to secure a very dense 
concrete and after the forms had been removed 
the interior surface of the tank was given two 
coats of a very thin cement and water wash. 
This treatment was successful and no leaks have 
developed. 

The tank supply, outlet and overflow pipes are 
carried up to the tank through a 3-in. lead pipe 
placed in the center of the center column. The 
necessary valves are placed in a cavity in the 
pedestal of this column and are readily accessible. 


Water Tower at Katonah. 


The tank was designed by Mr. Frederick J. 
Sterner, of New York, architect, and was built 
under the direction of Mr. Delancey A. Cameron, 
of New York. 


Book Notes. 


A valuable addition to text-books for college 
use is Dr. Adolf Thomialen’s “Electrical Engi- 
neering,” translated by Mr. George W. O. Howe. 
It takes the student from the simplest principles 
of physics to the complex conditions existing in 
dynamos when in operation. 
are based more on physics than mathematics, 
although the latter are used freely as convenient 
means for expressing physical relations. Many 
of the subjects likely to confuse the beginner, 
such as the operation of the stationary trans- 
former, the parallel working of alternators, and 
the phase-swing of alternators, are explained with 
refreshing clearness. The treatment of the poly- 
phase induction motor ‘is unnecessarily compli- 
cated, but that of the single-phase motor is better. 
The book does not explain the details of the de- 
sign of motors and dynamos but confines its ex- 
planations to such elements of construction as are 
required to understand the application of the 
principles’ which are under consideration. It is 
not a “popular” book, but a substantial, scholarly 
work. (New York: Longmans, Green & Co., 
$4.20). 


Now that inland navigation is attracting so 
much attention the “Report of Examination of 
Ohio River,” just issued as one of the documents 
of the House of Representatives, is certain to re- 
ceive study, which it well merits as a most impor- 
tant, authoritative discussion of the improvement 
of the river. Three years ago the House made a 
special appropriation for a thorough examination 
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of methods of canalizing the Ohio so as to secure \ 
depths of 6 and 9 ft. This study was entrusted to 
a special board, consisting of Colonels Lockwood, 
Ruffner and Sears and Majors Zinn and Sibert, 
of the Corps of Engineers, with Capt. Burgess as 
recorder., The report shows how thorough their 
investigations were. When it was completed, it was 
referred to the Board of Engineers for Rivers 
and Harbors for review. The latter differs on a 
few minor points of opinion, but recommends 
without qualification the improvements suggested. 
These provide for a 9-ft. stage by the construc- 
tion of 54 locks and dams at an estimated cost of 
$63,731,488. The annual maintenance charges, in- 
cluding dredging, are estimated at about a million 
dollars. The report gives information concerning 
the character of the river, the various improve- 
ments in it up to the present time, the nature and 
extent of the shipping on it, and an estimate of 
the probable shipping if the improvements sug- 
gested are carried out. The introduction by Gen- 
eral Mackenzie, Chief of Engineers, U. S. A., is 
particularly instructive. In it he points out clearly 
that the conclusions expressed in the report are 
based on a conjectural future commerce, rather 
than any that is now in sight. It is assumed that 
commerce will always seek the route which it 
finds cheapest, cost and convenience considered, 
that by the method of improvement suggested the 
cost and convenience of commerce up and down 
the valley can be made less than by any other 
method of transportation, and that under such 
conditions the traffic will surely seek the river. 
General Mackenzie agrees that the Board seems 
justified in reaching its conclusions, but he points 
out that Congress’ has never yet sanctioned a 
project of such extent upon considerations of ‘this 
character. He also expresses in a mast decided 
manner his opinion that the only correct way to 
improve the river is by canalization along the 
lines suggested in the report, and he strongly op- 
poses the suggestion of attempting any open- 
channel improvements. The reason for this is 
that by canalization, currents are greatly reduced 
and upstream navigation is made easy. 


The appearance of the second volume of Prof. 
Robert C. H. Heck’s “Steam Engine and Other 
Steam Motors” will be welcomed by those who 
recall the first volume of this painstaking and 
scientific work, which was reviewed in this jour 
nal on Dec. 9, 1995. The first volume contained 
many theoretical discussions, with all of which 
probably no experienced student of the subject 
will wholly agree. The present volume relates to 
the actual engine and its performance, and is pro- 
fusely illustrated from American sources; it is 
something of a pity that the author did not de- 
scribe some of the important distinctively Muro- 
pean details of design, like rocking cam lever 
valve-gear and the use of governors acting 
through a power relay, as these types are proving 
highly satisfactory. In the first portion of the 
volume the author discusses the main features of 


‘an engine, the frame, cylinder, reciprocating parts 


and rotating parts, dealing first with the general 
requirements and then explaining and criticising 
different methods of meeting them. The next 
section contains descriptions of valves and valve 
gears and graphical analyses of their action. The 
third section, on the action of governors, is prob- 
ably the most complete treatise on the subject yet 
written, so far as the American types of such 
mechanisms are concerned. The action of inertia 
governors presents one of the most complicated 
dynamic problems the engineer has to solve, and 
the author’s method has the merit of clearness 
and systematic procedure. The next section is on 
the interpretation of indicator diagrams and this 
is followed by a much condensed section on the 
steam turbine, which will doubtless be elaborated 
in subsequent editions of the book. The volume 
closes with a tabulation of the basic results of 
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American, British and German engine tests; the 
labor spent in the reduction of the test figures to 
a uniform form must have been very great, but 
the information will prove of so much value to 
engineers that the work will be widely appre- 
ciated. (New York: D. Van Nostrand Co., $5.). 


One of the most fascinating fields of applied 
physics at the present time is that of telephonic 
communication without metallic conductors. Our 
battleship cruising fleet is now testing one sys- 
tem for which a great deal is claimed, and other 
systems have been tried with enough success to 
indicate that those who put their faith in the prac- 
ticability of such communication have consider- 
able justification for their high hopes. Those who 
wish to obtain a good knowledge of the subject 
will find the information well presented in Dr. 
James Erskine Murray’s translation of Mr. Ernst 
Ruhmer’s “Wireless Telephony in Theory and 
Practice.” The book outlines the theories and ap- 
paratus of Bell, Tainter, Simon, Hayes, Duddell, 
Lodge, Majorana, Lecher, Peuckert, Thomson and 
others whose researches have contributed to the 


sum total of our knowledge useful in making’ 


wireless telephony practicable. The subject is one 
of great complexity at the present time, and the 
scientific principles and experimental apparatus 
throwing light on what is practicable and what is 
not are many and varied. Probably some of 
them are not given in this book and probably 
there are errors of a historical nature for which 
the limited printed information on this kind of 
telephony is responsible, but these are minor con- 
siderations and in no way detract from the 
marked merit of this timely volume. (New York: 
D. Van Nostrand Co., $3.50). 


Letters to the Editor. 


THE WATERBURY STREAM POLLUTION LITIGATION. 

Sir: In recent issues of The Engineering 
Record you have referred to Massachusetts de- 
cisions regarding stream pollution, but I have 
seen no reference to the decision rendered some 
months ago by the Connecticut Supreme Court 
of Errors in the case of Platt Bros. & Co. against 
the city of Waterbury. These legal decisions 
are so important to engineers engaged in muni- 
cipal work and the Waterbury case is such an 
old and well-known one, that I have no hesita- 
tion in bringing the latest aspect of it to your 
attention. The cause of the suit is the familiar 
one where an owner of riparian land claims 
damages resulting from the introduction of sew- 
age by a city into a stream above his property 
on which the sewage sludge accumulates. 

The plaintiff in the case owns property on the 
Naugatuck River, 2 miles below the city, and 
the water of that stream is used in its mills. 
The city constructed a sewer system in 1884 
which discharged into the river 2 miles above 
the mills, causing the company so much trouble 
that in 1891 it brought an action against the city 
for damages and an injunction. The litigation 
dragged along until late in 1898, when damages 
to the amount of $500 were assessed against the 
city and an injunction was granted ordering the 
city to cease discharging sewage into the stream 
after Dec. 1, 1902. In March of that year the 
company again brought an action against the city, 
claiming damages for the pollution of the water 
from the date of the former action up to the time 
of the second suit. In the lower court it was 
decided that the company was entitled to such 
damages for a period of six years prior to the 
date of the complaint, and the city appealed from 
this decision. It is the decision on this appeal 
to which your attention is called. 

The opinion was delivered by Judge Hamers- 
ley. He rules that the discharge of sewage into 
the stream in such a way that it is carried to 
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and deposited on the company’s land, there pro- 
ducing offensive odors, is an actionable wrong 
and the offense is a public nuisance. Such a 
wrong causes a legal injury from which damages 
necessarily result, although the company failed 
to prove that it had suffered any specific dam- 
ages. Every day’s continuance of acts causing 
such injury renders the city liable to a suit for 
the injuries resulting from them, according to 
Judge Hamersley, and the fact that the city’s 
charter authorizes it to construct the sewerage 
system and acquire by eminent domain so much 
of the company’s property as may be necessary 
in connection with the municipal sewering opera- 
tions, is no defense to the company’s right to 
recover specific damage caused by the nuisance 
on its land, when none of its property has been 
condemned for this public use. Although a 
prior judgment for damages from this cause may 
have been awarded, a continuation of the acts 
by the city may be made the ground for another 
suit, which cannot be avoided by subsequent pro- 
ceedings for the condemnation of the company’s 
property. The court has therefore approved’ the 
award by the lower court of damages in the 
amount of $15,000 against the city for the second 
period during which the nuisance existed. 

The most interesting feature of the decision 
to me is the clear distinction made by Judge 
Hamersley between what is legal and what is 
illegal in connection with the discharge of sew- 
age into the river. The construction of the 
Waterbury sewers in 1884, in accordance with 
the terms of its charter, was lawful and their 
construction so as to empty sewage into the river 
gave the company no cause of action. The sew- 
ers could be used for that purpose without an 
invasion of the company’s rights and without 
damage to its property. But when the city dis- 
charged sewage into the river in such quantities 
and in such manner that it was carried without 
much change to the company’s premises 2 miles 
below, there producing a public nuisance to the 
company’s special damage, the city did not make 
a lawful use, but a misuse, according to Judge 
Hamersley, of its sewerage system. Each day 
such an unlawful act was repeated the company 
suffered a fresh invasion of its legal rights. It 
seems to me that this statement clears away much 
of the confusion that exists concerning the right 
to discharge sewage into streams, and, as I have 
never before seen the distinction made so clear- 
ly, I take the liberty of calling the decision to 
your attention. 

WATERBURY. 


Burninc ASHES. 

Sir: The information furnished on page 252 
of your paper of Feb. 29 ought to stop the silly 
talk that is going around concerning the alleged 
use of some chemical dope which renders ashes 
useful as a fuel. It is evident that the Board of 
Education in your city has come to a proper 
appreciation of that human frailty which doctors 
recognize when they prescribe inert powders as 
medicine for a patient who cannot be made to 
live as he should unless he is given to under- 
stand that he must take drugs to get back into 
condition. 
for pills and powders, it is generally possible to 
make him eat and sleep as he should, but with- 
out these things to be taken every little while he 
is unwilling to pay any attention to the really 
important part of the advice given him. 

In the same way, the Board of Education has 
evidently determined to stop the waste of good 
coal, even if it is necessary to indulge in a little 
quackery to do so. It is manifest. to those who 
are acquainted with the general average of the 
men engaged as janitors of schools that many 
of them care very little about running their 
boiler furnaces with the maximum economy, par- 
ticularly when they must use unbroken anthra- 


If he thinks his case is bad enough - 
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cite. The only way such a grade of coal can be 
used economically is to screen out the unburned 
coal from the ashes and use it again. While 
some janitors will do this in a half-hearted way, 
some will absolutely neglect to do so. It is use- 
less to try to enforce strict rules over men who 
have strong “political influence and consider it 
beneath their dignity to sift ashes. On the other 
hand, the salt and oxalic acid dope used as de- 
scribed in your note a fortnight ago answers the 
same purpose as screening, although somewhat, 
more expensive. It seems to me to be a pretty 
shrewd’ way of accomplishing a desirable end by 
means of a little harmless incantation that in- 
jures nobody. 
Yours truly, 


Boston, March 3. JAcKSON BENNETT. 


THE INLAND WATERWAYS REPORT. 


Str: Those of us who are interested in the 
possibilities of irrigation and flood prevention by 
national help in one way or another will hardly 
feel in accord with one feature of your remarks 
on the report of the Inland Waterways Commis- 
sion, printed last week. -You seem to fear that 
the joining together of river improvements, irri- 
gation undertakings, flood preventive measures 
and all the other features of utilization of water 
resources will be dangerous mainly to the rational 


_ continuation of river and harbor work. Ever 


since such a proposal was made more than a year 
ago, I have lost no ‘opportunity of talking it over 
with others engaged in Western enterprises, and 
the opinion out there is that the irrigation enter- 
prises now going forward at a grand pace 
would be the chief sufferers if a single commis- 
sion were to be put in charge of the entire great 
field of endeavor advocated by the report in 
question. Those who know all the difficulties 
that exist in securing appropriations for good 


- river and harbor improvements and in preventing 


appropriations for useless work, will feel deep 
regret at any action coupling the present reclama- 
tion work with river and harbor improvements. 
Congress may like the idea of joining the two 
on account of the additional opportunities the 
combination will afford for log-rolling in the 
committee rooms, but those of us who like the 
way the Reclamation Act has worked and admire 
the manner in which operations under it have 
been conducted, do aot wish it to be repealed, 
as it must be if irrigation works and river and 
harbor improvements are to be joined closely. 

There is another reason why we do not like 
the proposed association of all branches of na- 
tional hydraulic undertakings. We believe that 
only a beginning has been made in the investiga- 
tion of scientific irrigation and drainage. We 
wish to see this work carried forward, as at 
present, by the harmonious action of federal and 
state organizations. We wish to have the work 
of the Forest Service continued and extended so 
that we shall know more about the relations be- 
tween stream-flow and forests. The only trouble 
about the research of this nature now in progress 
is that there is not enough of it, but our Western 
Congressmen appreciate its importance and stand 
together as a unit in asking for appropriations 
for the purpose. If all hydraulic work is 
bunched together under a single commission, we 
can no longer exert the same influence on appro- 
priations that we do now, but must dicker with 
Congressmen from the seaboard whereby they 
will gain appropriations for harbor improvement 
in return for their support for our own needs. 
When viewed in this way, the proposed union of 
all the hydraulic engineering undertakings of the 
government, while a theoretical simplification, is 
introducing actual complications wholly out of 
proportion to any gain to be derived from such 
a procedure. 

WESTERNER. 
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REPORT OF THE ROYAL COMMISSION ON THE CAUSE OF THE COLLAPSE OF 
THE QUEBEC BRIDGE. 


Henry Horeate, J. G. G. Kerry, JoHN GALpraIrH, ComMIsSIONERS. 


The Royal Commission appointed by Commission dated 
Aug. 31, 1907, to inquire into the cause of the collapse 
of the Quebec bridge, begs to present its report as fol- 
lows: ‘ 

The members of the Commission were appointed on 
Aug. 30, 1907, the day following the accident, two of 
them proceeding to Quebec the same day, the third 
member arriving there on Sept. 4. The formal Commis- 
sion was received on Sept. 9. The taking of evidence 
at Quebec was commenced on the afternoon of Sept. 
9 and continued until Sept. 24. On Sept. 25 the Com- 
mission went to Ottawa and took evidence on Sept. 26 
and Sept. 27. An adjournment was taken for the week 
ending Oct. 5. On Oct. 7 the Commission reassembled 
in Quebec and engaged in further examination of the 
wrecked structure and in study of the plans and docu- 
ments. On Oct. 14 the Commission met in New York 
and commenced the first examination of Mr. Theodore 
Cooper, Consulting Engineer of the Quebec Bridge Co., 
which continued until Oct. 22. From Oct. 23 until Noy. 
22 the Commission was engaged in the taking of evidence 
and the collection of information in Phoenixville and 
Philadelphia. During this period two members of the 
Commission visited the works of the Central Iron & Steel 
Co. at Harrisburg, Pa., and other steel and bridge works 
which had no direct connection with the manufacture of 
the Quebec bridge were inspected. A second visit was 
paid to Quebec from Noy. 28 to Dec. 3, and on Dec. 3 
one member of the Commission visited New York to 
further examine Mr. Cooper, returning Dec. 8. On Jan. 
14 two members of the Commission went to Phoenixville 


in order to make certain tests, returning on Jan. 23. 


Since Nov. 23, with the exceptions above mentioned, the 
time of the Commissioners has been spent in Montreal 
in examination and discussion of evidence and in pre- 
paring this report. 

We understand that the Commission instructs us to 
determine to the best of our ability the cause of the 
collapse of the Quebec bridge and to thoroughly invyesti- 
gate any matters appertaining thereto which might en- 
able us to explain that cause. We do not think that 
either the general design of the Quebec bridge, the 
methods of financing the enterprise, the payments of 
money that have been made to or by the company or in 
its interest, or the obligations that the company has 
undertaken under various contracts and agreements have 
direct connection with the fall of the bridge. In the 
course of our investigations we have secured a large 
amount of general information on these and other mat- 
ters not directly pertinent to the object of the inquiry, 
some of which has been introduced into this report so 
that the history of the undertaking might be more read- 
ily followed. We have not considered the scope of our 
inquiry limited concerning any matters which, in our 
judgment, related to the collapse of the bridge. 

Some of our various inquiries have yielded negative 
results, but these are dealt with at some length in the 
report to make it clear that the subjects of these in- 
quiries have not been overlooked. 

In carrying out our instructions we 
following investigations: 

(a) A study of the history of the Quebec Bridge & 
Ry. Co., the evidence at our disposal being copies of 
the various public acts concerning it, the minutes of the 
directors’ meetings, the reports of its officials, its annual 
reports, its correspondence and copies of the agreements 
and contracts that it has made. 

(b) A perusal of the entire correspondence on file in 
the offices of the Quebec Bridge & Ry. Co., the Phoenix 
Bridge Co. and Mr. Theodore Cooper. 

(c) A study of the working organizations of the Ste 
bec Bridge & Ry. Co., the Phoenix Bridge Co. and the 
Phoenix Iron Co. This involved the hearing of a num- 
ber of witnesses under oath and the examination of the 
various documents produced by these witnesses on direc- 
tion of the Commission and filed as exhibits. . 

(d) A personal inspection of the furnaces and rolling 
mills by which most of the metal that was used in the 
bridge was produced. The testing equipment at each of 
the works was examined and the file of the records of 
tests made by the inspectors during production was gone 
over. 

(e) A study of the methods used in the fabrication, 
transportation and erection of the bridge. This con- 
sisted of inspection of the shops of the Phoenix Iron Co., 
in which all the metal was fabricated, and an examina- 
tion of the plans, records, correspondence and photo- 
graphs on file in the office of the Phoenix Bridge Co. 
The fabricated material for the north half of the bridge 
was also inspected and check measurements were taken 
to determine certain questions of workmanship. 

@®m A study of the errors in workmanship detected 
by the several inspectors during the progress of the work, 
the evidence available being the record books kept by 
the shop inspectors for the Spe Bridge Co. and 
for the Quebec Bridge & Ry. Co., the “‘field corrections” 


have made the 


sent by the Phoenix Bridge Co.’s fea: engineer to the 


erection department of that company and the weekly re- 
ports made by the inspector of erection for the Quebec 
Bridge & Ry. Co. to the consulting engineer. 

(g) An inquiry into the history of the erection of the 
bridge. The inquiry was made by obtaining direct evi- 
dence from witnesses under oath and by tracing out 
through records and correspondence the details of all 
the major difficulties that had occurred in the course of 
construction. 

(h) An endeavor to obtain from eye-witnesses of the 
disaster all details concerning it. Some twenty-five wit- 
nesses were examined for this purpose. 

(i) An examination of the meteorological records for 
the day of the accident and for some time previous. The 
records of the Observatory at Quebec and those kept by 
the Phoenix Bridge Co.’s staff were available for 
purpose. 

(j) A personal examination of the fallen structure made 
at different times and occupying several days, together 
with such surveys, check measurements and photographs 
as were considered necessary. 

(k) A study of the methods adopted in the design 
of the bridge. This study required an inspection of the 
drafting office of the Phoenix Bridge €o. and an exam- 
ination of the mass of preliminary and final designs on 
fle there. The sworn statements of all the senior 
neers formed an important part of the inquiry. 

(1) A checking of the stress sheets. prepared in the 
offices of the Phoenix Bridge Co. by comparison with 
the results obtained by Mr. C. C. Schneider, consulting 
engineer, who was employed subsequent to the disaster 
by the Department of Railways and Canals to report to it 
upon the design of the bridge. 

(m) A comparison of the organization and_ specifica- 
tions used for the Quebec bridge with those used for 
existing great cantilever bridges on this continent. 

(n) A replotting of the records of tests made on full- 
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sized compression members and a comparison of the de- 


sign for the principal compression chords of the Quebec 
bridge with similar designs for other great cantilevers. 
In this connection special tests were made both by the 
Phoenix Bridge Co. and by the Commission, the details 
of which are given. ; 

(o) A study of the theory of compression members, 
standard books, transactions of technical societies and 
professional journals being consulted. The purpose of 
this part of the inquiry was to determine how thoroughly 
the designers of the bridge availed themselves of the pro- 
fessional knowledge at their disposal. 

Your Commissioners desire to acknowledge the hearty 
co-operation throughout the inquiry of all officials of the 
companies directly concerned. Messrs. Cooper, Szlapka, 
Deans and Hoare especially have, in our judgment, made 
every effort in their power to assist us to establish the 
facts and have not attempted to spare themselves. 

Some clearly contradictory statements are to be found 
in the evidence given in the early days of the inquiry 
by certain witnesses on whom the burden of the disaster 
fell. These statements may be attributed to the nervous 
tension under which the witnesses were laboring at the 
time. 

Your Commissioners find: 

(a) The collapse of the Quebec bridge resulted from 
the failure of the lower chords in the anchor-arm near 
the main pier. The failure of these chords was due to 
their defective design. 

(b) The stresses that caused the failure were not due 
to abnormal. weather conditions or accident, but were 
such as might be expected in the regular course of erec- 
tion. 

(c) The design of the chords that failed was made 
by Mr. P. L. Szlapka, the designing engineer of the 
Phoenix Bridge Co. 

(d) This design was examined and officially approved 
by Mr. Theodore Cooper, consulting engineer of the 
Quebec Bridge & Ry. Co. 

\e) The failure cannot be attributed directly to any 
cause other than errors in judgment on the part of these 
two engineers. 

(f) These errors of judgment cannot be attributed either 
to lack of common professional knowledge, to neglect of 
duty or to a desire to economize. The ability of the two 
engineers was tried in one of the most difficult profes- 
sional problems of the day and proved to be insufficient 
for the task, 

(g) We do not consider that the specifications for the 
work were satisfactory or sufficient, the unit-stresses in 
particular being higher than any established by past 
practice. The specifications were accepted without pro- 
test by all interested. 

(h) A grave error was made in assuming ‘the dead 
load for the calculations at too low a value and not 
afterward revising this assumption. This error was of 
sufficient magnitude to have required the condemnation 
of the bridge even if the details of the lower chords had 
been of sufficient strength because, if the bridge had been 
completed as designed, the actual stresses would have 
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been considerably greater than those permitted by the 
specifications, This erroneous assumption was made by 
Mr. Szlapka and accepted by Mr. Cooper and tended to 
hasten the disaster. 

(Gi) We do not believe that the fall of the bridge could 
have been prevented by any action that might have been 
taken after Aug. 27, 1907. Any effort to brace or take 
down the structure would have been impracticable owing 
to the manifest risk of human life involved. 

(j) The loss of life on Aug. 29, 1907, might have 
been prevented by the exercise of better judgment on the 
part of those in responsible charge of the work for the 
Quebec Bridge & Ry. Co. and for the Phoenix Bridge 
Co. 

(k) The failure on the part of the Quebec Bridge & 
Ry. Co. to appoint an experienced bridge engineer to 
the position of chief engineer’ was a mistake. This re- 
sulted in a loose and inefficient supervision of all parts 
of the work on the part of the Quebec Bridge & Ry. Co. 

() The work done by the Phoenix Bridge Co. in 
making the detailed drawings and in planning and car- 
rying out the erection and by the Phoenix Iron Co. in 
fabricating the material was good and the steel used 
was of good quality. The serious defects were funda- 
mental errors in design. 


(m) No one connected with the general designing 
fully appreciated the magnitude of the work nor the 
insufficiency of the data upon which they were depend- 
ing. The special experimental studies and investigations 
that were required to confirm the judgment of the de- 
signers were not made. 

(n) The professional knowledge of the present day 
concerning the action of steel columns under load is not 
sufficient to enable engineers to economically design. such 
structures as the Quebec bridge. A bridge of the adopted 
span that will unquestionably be safe can be built, but 
in the present state of professional knowledge a consid- 
erably larger amount of metal would have to be 
than might be required if our knowledge were 
exact. 

(0) The professional record of Mr. Cooper was such 
that his selection for the authoritative position that he 
occupied was watranted and the complete confidence that 
was placed in his judgment by the officials of the Domin- 
ion Government, the Quebec Bridge & Ry. Co. and the 
Phoenix Bridge Co. was deserved. 

Owing to the necessity of having the evidence taken 
in the United States sworn to before a British Consul, 
written questions were submitted to each witness ex- 
amined in the United States and written answers were 
returned after an interval of some days. 
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The Commission is greatly indebted to the following 
gentlemen, who have most courteously furnished informa- 
tion: Mr. Charles Macdonald, formerly chief engineer of 
the Union Bridge Co., contractors for the superstructure 
of the Memphis cantilever bridge; Mr. H. W. Hodge, 
of Messrs. Boller & Hodge, engineers of the Mononga- 
hela cantilever bridge; Mr. Ralph Modjeski, of Messrs. 
Noble & Modjeski, engineers of the Thebes cantilever 
bridge; Messrs. Ingersoll and Seaman, of the Department 
of Bridges of the City of New York, and Messrs. Reyn- 
ders and Kunz, of the Pennsylvania Steel Co., respectively 
engineers and contractors for the superstructure of the 
Blackwell’s Island cantilever bridge. 

We are also indebted for professional advice and as- 
sistance to Professor Mansfield Merriman, Professor W. 
C. Kernot, Professor W. H. Burr, Professor Edgar Mar- 
burg, Professor H. M. MacKay, Professor G. F. Swain 
and Messrs. W. R. Webster, T. K. Thomson and E. W. 
Stern, consulting engineers. 

The technical investigations have been by far the most 
arduous and difficult part of our inquiry and it is ques- 
tionable whether they could have been brought to any 
conclusion without the assistance that these men of ex- 
pert training and experience have so freely given. 

We have set forth the facts which have convinced us 
of the soundness of our findings in the accompanying 
appendices, each of which is an independent discussion 
dealing at length with some one phase of our inquiry~ 
The subjects of these appendices are as follows: 

1. The evidence given before the Commission of In- 
quiry. 

2. The exhibits filed with the Commission of Inquiry. 

3. The history of the Quebec Bridge & Ry. Co. up to 
the end of the month of August, 1903. 

4. The Phoenix Bridge Co. 

5. The -effect of financial limitations upon the design 
of the bridge and a discussion of the evidence relating 
to this. 

6. The history of the development of the specifications. 
and a discussion of the evidence relating to it. 

7. A description of the organization and staffs main- 
tained by the different corporations interested in the 
erection of the bridge. 

8. A history of the development of the plans and of 
the methods followed in the designing offices. 

9. Material shop work and inspection. 

1o. Transportation and erection. 

11. A discussion of the difficulties that arose during 
erection and of the events at the time of the collapse 
of the structure. 

12. A description of the fallen structure. 

13. An enumeration of the various full-sized column 
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tests that have been made in America accompanied by 
diagrams showing the results of these tests. 

14. A comparison of the stresses in the several mem- 
bers of the main trusses computed from the bridge as 
finally designed, with the stresses authorized by the speci- 
fications. This comparison was made by Mr. C. C. 
Schneider, consulting engineer, and is embodied in his 
report to the Department of Railways and Canals. 

1s. A description of the various experimental re- 
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searches that have been made in connection with the 
building of the Quebec bridge and during this inquiry. 

16. A discussion of the theory of built-up compression 
members. 

17. A comparison of the design for certain chords 
of the Quebec bridge with those for similar members of 
other great cantilever bridges illustrated with outline 
drawings of the bridges and copies of the shop draw- 
ings of the chords. 
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18. A critical discussion of certain parts of the speci- 
fications. 

1g. Miscellaneous information. 

All of which is respectfully submitted. 


Henry Hotwcate, Chairman. 
J. G. G. Kerry, 


Joun GALBRAITH. 


APPENDIX 1—THE EVIDENCE BEFORE THE COMMISSION. 


The testimony taken by the Commission is so volu- 
minous that it will make’ a large volume when printed, 
and only abstracts of those portions relating particularly 
to the statements in the Commission’s report will be 
given here. Before presenting them, however, a list of 
articles in this journal relating to the bridge is given, as 
a reference to them will make clear all features of the 
design, method of erection, and the nature of the col- 


lapse. 

July 27, 1901. A description of the construction of the 
piers. 

March 4, 1905. General description of the design of 


the superstructure and the methods of erection. 

April 1, 1905. Notes on the methods of design, the 
shore piers, anchorages, lateral systems and sway bracing. 

April 8, 1905. Notes on the main vertical posts, shoes 
and pedestals, intermediate vertical posts, ‘bottom chords, 
and. eyebars. 

Sept. 16, 1905. 
tion and a description of the main pedestals and the 
members meeting there. 

June 23, 1906. An account of the erection of the south 
anchor arm of the bridge. 


Sept. 8, 1906. The steel falsework used in the erec- 
tion of the anchor arm. 

Sept. 15, 1906. The method of making the camber 
adjustments. 

Sept. 22, 1906. ‘he method of storing and handling 


members during the erection of the bridge. 


Dec. 1 1906. The materials and maximum stresses in 
the anchor arms. 

Dec. 15, 1906. The fabrication of the members in the 
shop. 

Dec. 29, 1906. The adjustable connection of the an- 


chor-arm lateral system. 

Jan. 12, 1907. The anchor pier towers. 

Jan. 19, 1907. Erection attachments for the bottom 
chords and vertical posts. 

Jan. 26, 1907. Erection of the main vertical posts. 


Feb. 9, 1907. The method of handling and connecting 
eye-bars. 
Feb. 23, 1907. The traveler for the erection of the 


anchor and cantilever arms. 

March 2, 1907. Special equipment used in erection of 
the anchor arm. 

June 22, 1907. Details of the vertical bent on the 
main pier and the bolsters. 

July 6, 1907. Details of the main pedestal. 

July 13, 1907. Details of the upper part of the center 
posts. 

July 20, 1907. 
the main post. 

July 27, 1907. 


Details of vertical post 4, adjacent to 


Details of an intermediate post. 


Aug. 3, 1907. Details of diagonal members. 

Aug. 10, 1907. Details of the lower chords of the 
anchor arm. 

Aug. 17, 1907. Details of the floor system. 


Aug. 24, 1907. Details of the transverse bracing. 

Sept. 7, 1907. Current News Supplement. A detailed 
statement of the condition of the wreckage, with a sum- 
mary of the reports of the collapse made by eye-wit- 
nesses. 

Sept. 14, 1907. Current News Supplement. 
tion of views of the wrecked structure. 5 

Sept. 21, 1907. The suspended falsework of the canti- 
lever arm. 

Sept. 28, 1907. <A description of the methods followed 

“in erecting the cantilever arm. 


A collec- 


— 


Testimony of John Sterling Deans. 


Mr. Deans testified that he was chief engineer of the 
Phenix Bridge Co. and first consulted with Mr. E. A. 
Hoare, chief engineer of the Quebec Bridge Co., con- 
cerning the Quebec bridge in the summer of 1897, during 
a convention of the American Society of Civil Engineers 
in Quebec. Shortly afterward he received from Mr. 
Hoare a profile of the proposed site and other general 
information. Preliminary studies for the structure were 
made by the Phoenix Bridge Co. and were filed with the 
Department of Railways and Canals by the Quebec Bridge 
Co. in advance of the submission of competitive tenders. 
At the time tenders were asked, about a year later, bid- 
ders had free scope in: the matter of design, length of 
anchor arm and other features, and were asked to bid 
not only on a cantilever span, but also on a suspension 
design. As a matter of fact the Phcenix tender did not 
agree exactly with the above preliminary study. 


A statement of the progress of erec- - 


It was understood that economy of design was of im- 
portance, but not of first importance and not to be 
secured at the expense of any requirement of the specifi- 
cation or of obtaining the most capable contractor. for 
the work. 

Mr. Cooper reported favorably on the plan and bid 
submitted by the Phoenix Bridge Co. on March 1, 1899, 
and the contract was awarded to the company on his 
recommendation. 

At Mr: Cooper’s request Mr. Szlapka had interviews 
with him at which Mr. Cooper stated that it was pro- 
posed to increase the span and amend the specifications. 
The Phenix Bridge Co. had nothing to do with the de- 
termination of these questions. 

Ample time was given for the study and preparation 
of plans. The actual weight of the suspended span did 
overrun that assumed in the original calculations. The 
estimated weight was necessarily approximate. 

The final arrangements under the contract were made 
on Feb. 22, 1904, which permitted the Phenix Bridge Co. 
to proceed freely with its work. 

Work was done in many instances including anchor- 
arm chords and other members upon receipt of plans 
approved by Mr. Cooper and before the plans were 
actually approved by the Government, as Mr. Cooper’s 
approval was final as far as we were concerned. No 
changes were ever made by the Government on any 
plans approved by Mr. Cooper. 


The contract between the Phenix Bridge Co. and the 


Quebec Bridge Co. provided for payment at prices per 
pound of material erected complete. There was no limit 
placed upon the former company as to the amount of 
money the bridge should not exceed in cost, or was any 
sum mentioned that it would not exceed. No financial 
considerations governed the Phenix Bridge Co. in the 
design of the structure. The consulting engineer effected 
economy in cost by changing the specifications, and these 
changes lowered the efficiency of the bridge. In details 
not expressly covered by the specifications he also exer- 
cised economy. He endeavored to reach an economical 
design, and the Phoenix company did not think he carried 
this so far as to imperil the safety of the structure. 


Changes in unit stresses were made by Mr. Cooper 
and were not submitted to the Phcenix company for ap- 
proval. Mr. Cooper merely talked the matter over with 
Mr. Szlapka as a brother engineer, but not, however, for 
the purpose of getting the wishes of the Phenix Bridge 
Co. He then reached a decision of which the company 
was notified and upon which it acted. The changes in 
unit stresses for compression members carried them out 
of the field of past experience in bridge construction and 
detailing and did not follow usual practice. 


The Phenix company took all the time considered 
necessary for the study and preparation of plans, and 
Mr. Deans believed Mr. Cooper’s office also took all the 
time that they considered necessary. The examination of 
details and plans by Mr. Cooper’s office was conscien- 
tiously and carefully done. Discussions often arose, but 
Mr. Cooper’s decisions always prevailed. All plans were 
approved by the consulting engineer. 


In a few instances and late in the work, plans were 
sent to the shops for preliminary work before the actual 
approval by the consulting engineer, so that the company 
would be prepared to carry on the work promptly. This 
was done only in the case of plans of which the design 
and detail had already been established and approved by 
the consulting engineer. The company took the risk of 
possible alterations by him. But in no instance was a 
single member of the bridge actually completed which 
was not in accordance with the final approved plans. 


The design of the details of the lower chord was dis- 
cussed with Mr. Cooper and his opinion was specifically 
obtained on the latticing and other details. Mr. Deans 
had no interview with Mr. Cooper on this subject, but 
instructed his designing engineer particularly to submit 
the question of size of latticing of chords to Mr. Cooper. 
Mr. Szlapka later reported that Mr. Cooper advised him 
that the lattice angles were correct as shown on the ap- 
proved plans. 

The Phenix Bridge Co. maintained an independent in- 
spection of the shop work done by the Phoenix Iron 
Co. Every error, however small, was noted, recorded in 
a book, and all these errors. were corrected before the 
work left the shop. 

Special precautions were taken to insure the safety of 
the bridge members during handling in transportation. 
The Phoenix Co. consulted with the Superintendent of 


Motive Power of the Pennsylvania R.R. Co. and devised 
with his representative special schemes of loading. All 
large and heavy pieces were the subject of special con- 
sideration with the transportation companies. All mem- 
bers were carefully inspected as to distortion and injury 
during transit, after the members arrived at bridge site 
and before they were erected in place. This inspection 
was by the representatives of both the Quebec Bridge 
& Railway Co, and the Phoenix Bridge Co. Only one 
member was injured in transit, being the shell frame of 
the south anchorage. One member was injured in hand- 
ling at south storage yard, being chord 9 L of the anchor 
arm. One member was dropped in handling in the 
shops, slightly injuring it and one or two other smaller 
members. These members were thoroughly repaired under 
the direction and to the satisfaction of the inspectors. 


In response to one of the questions Mr. Deans paid 
the following tribute to A. H. Birks, who lost his life 
at the time of the collapse: 

“A statement of Mr. Birks’ experience in no sense 
conveys a proper estimate of his ability, which was un- 
usual for a man of his years. He was specially fitted 
by character and temperament for the work entrusted to 
him. His experience was as follows: 


“On March 22, 1902, we received a letter from 
George F. Swain, professor of civil engineering at Massa- 
chusetts Institute of Technology, Boston, suggesting the 
name of A. H. Birks to us as a desirable man for our 
engineering department. He wrote as follows: ‘I also 
have an exceedingly good man who graduated in archi- 
tectural engineering and has been taking a post-graduate 
course with me. His name is A. H. Birks. Birks is a 
man of exceptional ability in this line and having taken 
all my work in structures is as well up in bridge work as 
building work. He has also had some experience, having 
worked one summer with a bridge company and one year 
in an architect’s office, I believe. He is an exceptional 
man.” F 

“We gave Mr. Birks a position and he started to work 
in our drafting department and worked there for about 
six months. We ‘soon found he had traits of character 
and ability that would fit him well for erection work, and 
he was transferred to the erection department Oct. 7, 
1902. 

“Between Oct. 7 and Nov. 8, 1902, he was in the field 
on erection of plate-girder spans, N. & W. Bridge, Circle- 
ville, O.; Dec. 1, 1902, to June 15, 1903, on Central R.R. 
of N. J. plate-girder bridges at Wheelers Lock, Parryville, 
and Glen Onoko and the Lehigh River bridge at Parry- 
ville which has through riveted spans; June 18 to Aug. 
13, 1903, Southern Ry. bridges, Caswell, Tenn., Mascot, 
Tenn., Knoxville, Tenn., Alexandria, N. C., Wolf Creek, 
Tenn., Jefferson City, all plate-girder spans, and Tennes- 
see River Bridge, Straw Plains, Tenn., ros ft., a deck 
plate-girder structure. Feb. 11, 1904, and during the 
month he was Inspector on Southern Ry. bridges, James 
River Bridge, Lynchburg, Buffalo River Bridge, Rap- 
pahannock River Bridge, all through truss bridges. July 
24 to Aug. 3, 1904, at Deepwater, French Broad River, 
Hot Springs, N. C., on a 264-ft. through pin span during 
the erection of the trusses. In March, 1905, at Jackson- 
ville, Fla., examining the sites of two Atlantic Coast 
Line R.R. draw bridges, securing necessary information 
for preparing erection plans. In February, 1906, at New 
London, Conn., arranging the method of erecting the 
Jordan Cove Bridge. During the intervals not covered 
by the above, Mr. Birks was engaged on erection plans 
and details in the office at Phoenixville. 2 


“When the Quebec erection was taken up early in 
1904, Mr. Birks assisted in all the preliminary studies 
and continued on this work until the entire plan was 
fully developed and settled upon. Many of the features 
of this erection scheme, which worked out so _success- 
fully in practice, were due to Mr. Birks’ peculiar ability 
in this line. His familiarity with every detail of the 
erection scheme and the behavior of the trusses during 
erection, his thorough technical training, his absolute 
reliability, decided us to appoint him resident engineer 
of the erection and he was sent to Quebec in September, 
1904. He was on the work during the working season 
from that time until the date of the disaster, with the 
exception of the period during the erection of the main 
traveler, when Mr. C. W. Hudson was resident engineer. 


“Mr. Birks was fearless and was able to climb over 
the entire structure. He had a lovable character and 
that about him which instantly demanded respect and 
confidence. He could have his orders carried out readily 
without friction. It would be difficult to find a man 
combining so many traits of mind and character which 
so eminently fitted him for the position of resident engi- 
neer of erection.” 
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poe After the lower chords, including the details of shop 


‘and field supplies, were approved by the Consulting 
Engineer, the engineers of the Phoenix Bridge Co. care- 
fully considered the action of the field splices during the 
connection of the trusses and the camber movement of 
splices while the members were receiving their full dead 
load. A special camber blocking was designed and 
placed on falsework under each panel point. This 
blocking was easily adjusted and free to move longi- 
tudinally. Special consideration was given to the bolting 
before the riveting of splices. Full instructions were 
prepared in advance of erection and incorporated in a 
book of instructions to the field force. The bolting 
was checked in person by the resident engineer and regu- 
lar reports sent to Phoenixville. The action of the joints 
was noted and reported on printed forms as erection 
proceeded, by the resident engineer in charge of field 
instrument work. The action of the joints was also 
noted specially by the designing engineer and assistant 
engineer in charge of details during several visits to 
the bridge site. All of this was in addition to the regular 
erection supervision by the general foreman and _ his 
assistants. The splices were under the closest scrutiny 
at all times and they acted as expected in closing to 
complete contact. No report was received at Phoenixville 
advising of anything wrong in connection with any splice 
until Aug. 8, 1907, in a letter from Mr. Birks, dated 
Aug. 6, 1907. In this letter he advised that one of the 
inside fibs at bottom of splice chord 7L—8L, cantilever 
arm, was bent out of line and enclosed a sketch of a 
diaphragm to be riveted between the ribs to hold them 
in their position. This proposed diaphragm was sent to 


Mr. Cooper by Mr. McLure on the same date as it was ° 


sent to the Phoenix Co., but he did not approve it. Mr. 
Cooper never gave the company any instructions con- 
cerning the matter. In a letter dated Aug. 16 he desired 
before acting to get further information from his resi- 
dent engineer, Mr. McLure. A letter from him on Aug. 
21 indicated that he had not yet reached a decision and 
the matter was still in this unsettled state when the acci- 
dent occurred. There were no joints in the anchor arm 
where a similar bend in the rib was noticed, they all 
lined up true and satisfactorily. 

Chords 9L, anchor arm, and 9R and 8R, cantilever 
arm, were in perfect condition when they left Phoenix- 
ville. 

The position of the wreckage indicated to Mr. Deans’ 
mind that a compression member, a lower chord in the 
anchor arm of the downstream truss, failed first and, 
immediately following, the compression member directly 
opposite failed. The failure of these two compression 
members permitted the anchor arm to move two panels 
toward the river. The lower chord of the cantilever arm 
being relieved of support, forced the two shoes towards 
the shore and broke off a lower section of the main post. 
The downstream chord anchor arm failing first permitted 
the truss to drop vertically as well as horizontally and 
had a ed to pull the higher parts of the super- 
structure downstream. The pinnacles at the top of main 
post pointed in this direction in the wreckage. 

On Aug. 29, 1907, the Phoenix Bridge Co. first learned 
from a letter of Aug. 27 from Mr. Yenser that buckles 
were noticed in the webs of lower chord 9L of the anchor 
arm. Consultation then took place at Phoenixville be- 
tween the engineers, shop officials and inspectors, and it 
was determined that the chord could not be bending 
from any excessive stress, as it was carrying only three- 
quarters of the working load for which it was designed 
and approved. The Phoenixville engineers then tele- 
phoned this conclusion to Mr. Yenser and Mr. Birks. 
During this conversation they notified the Phoenix Co. 
that a portion of the bends had been in the webs for a 
long time. That since writing on Aug. 27 they had care- 
fully watched and repeatedly examined the chords and 
found there was no further movement, and that they 
had proceeded with the erection without waiting for 
advice from us. As this action agreed with the Phoenix- 
ville engineers’ conclusion they were told they had acted 
wisely in not stopping the erection. 

While a chord with bent webs, even though the bends 
are slight, is not capable of performing its functions as 
well as a perfectly straight member, the bends in chord 
9L noted on Aug. 27, and of which the company learned 
on Aug. 29, were not such as to shake the absolute 
confidence of years which all had in the entire structure. 
If the Consulting Engineer then believed there was immi- 
nent danger and that all work should be stopped immedi- 
ately, it was not necessary to inquire whether Mr. A. B. 
Milliken was at the site or not. Mr. Hoare had sent Mr. 
McLure to‘ Mr, Cooper to report on the bends in chord 
9L and to receive his advice. Mr. Hoare was in Quebec 
and’ any message to him would have stopped the work 
instantly, as was done on a previous occasion by direction 
of Mr. Cooper. The testimony of others shows that Mr. 
Cooper on Aug. 29 no doubt had no thought of imminent 
danger. “We all now see,” Mr. Deans testified, “what 
no one dreamed of before, that the compression chords 
were beyond any ‘scheme of protection on Aug. 29 and 
were failing under less than half the load for which 
they were esigned and approved and were considered 
capable of sustaining without failure. While it is difficult, 
ne essential, in order to reach an accurate judgment, 

c keep in view the frame of mind every one was in 
before u 29 regarding this structure and its strength 
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and the respect and confidence all had in the engineers 
responsible for its design and detail.” 

The bridge was designed in its general features by 
the engineers of the Phoenix Bridge Co. The details of 
the bridge were worked out in connection with the 
Consulting Engineer, to agree with the modified specifi- 
cations which he had prepared, and all plans and details 
were approved by the Consulting Engineer, Mr. Cooper. 

The time for completion in the contract of June, 1903, 
was given as Dec. 31, 1906, and was fixed by the Quebec 
Bridge Co. The Phoenix Bridge Co. believed this time 
was too short and would not agree to be bound by it, 
and on the date the contract was executed letters passed 
between the two companies extending the time to Dec. 
31, 1908. Mr. Cooper subsequently expressed his opinion 
in this connection, saying four or possibly five years 
would be required for the construction of the bridge, 
this long time being required because of the short work- 
ing season for erection, and not because of other con- 
struction demands. As a matter of fact, the Phoenix 
Bridge Co. was unable to start on the work as early as 
had been expected because of the delay in the com- 
pletion of the south approach to the bridge, and hence, 
notwithstanding due diligence on its part, the work could 
not have been completed for some time after Dec. 31, 
1908. The Phoenix Bridge Co., when asked at the time 
of signing the contract and later, assured the Quebec 
Bridge Co. and the Government that it would use every 
effort to complete the bridge within the contract period, 
but no promise was made to do so. 


In reply to: one question Mr. Deans testified that he 
knew of no system of erection of a stiff frame which 
could be carried out without some form of a camber 
system. It was a mechanical necessity. This system 
had been used with success from the beginning of bridge 
construction, and in the Quebec Bridge was worked out 
in greater detail than ever before. A special camber 
blocking at each panel point enabled the erectors to keep 
the work in absolute control. As the dead load was applied 
and changes in anchor frame were taking place, the 
action of all joints was watched and reported and it was 
found that the truss was behaving exactly as expected 
and it continued to do so up to the time when all joints 
had a full and complete bearing. 


Testimony of Theodore Cooper. 


Mr. Cooper testified that about Feb. 25, 1899, he re- 
ceived a communication from the Quebec Bridge Co., 
asking if he was at liberty to take up the examination of 
their competitive plans, and he replied in the affirmative. 
The next occurrence was on March 23, when Messrs. 
Parent, Hoare and Barthe had a personal interview with 
him in New York. They gave him a brief account of 
what the plans were, of which Mr. Cooper had no pre- 
vious knowledge, and asked him upon what terms he 
would undertake the examination and how much-time it 
would probably require. He stated, with the slight knowl- 
edge he had of what they were describing, and assuming 
that they wished a relative report rather than a detailed 
critical report on all the numerous plans, that he thought 
it would require about three months’ time, and he stated 
his fee for performing that service. They then asked 
him under what terms he would act as consulting engi- 
neer when the work was under construction, and Mr. 
Cooper stated his fee. They then asked if the inspection 
work was included in his services, and he distinctly 
stated it was not. They then asked him to give them 
an estimate of what the probable cost of inspection 
would be. He told them that, with the slight knowledge 
he had of the subject, his estimate would be very much 
in the line of a guess, but he assumed from the mag- 
nitude of the work and from what he supposed it would 
be that it would probably cost from $20,000 to $25,000 
for the shop inspection. They did not accept any of his 
offers at that time, but Mr. Parent left him under the 
impression that the plans would be sent to him. His offer 
as consulting engineer was not acted upon. 


At the present date and with the advantage of the sev- 
eral years of additional experience, he confirmed his orig- 
inal recommendation, both as to the type of the structure 
and as to the merits of the design submitted, under 
the same limitations that existed at that time as to the 
amount of funds apparently estimated for the construc- 
tion. That he considered an important point, because the 
structure was apparently limited to the amount of funds 
they had in sight, as far as it was impressed on him. 
The impression was given him that this work was to be 
constructed by a private corporation, that the amount of 
money that they expected to have was a limited amount, 
and the question to be decided was the, possibility of 
building the best bridge within the financial strength of 
the company. The question of the best possible bridge 
was not brought up at all. 


Mr. Cooper received a letter appointing him consulting 
engineer to the Quebec Bridge Co. on May 6, 1900. Ina 
supplementary report, with even date of his report upon 
the competitive plans, June 23, 1809, he stated in a gen- 
eral way that his examination of the competitive plans 
was based entirely upon the specifications and data fur- 
nished him by the Quebec Bridge Co. He thought that, 
before the construction of the work should be undertaken, 
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a careful study should be made to see if a better bridge 
could not be had and whether a change of span was not 
desirable. On May 10, 1903, Mr. Parent informed him 
that the financial affairs were in such shape that the work 
could then be done. Mr. Cooper then took up again with 
the Phoenix Bridge Co. and with the chief engineer the 
necessary modification of the loads and stresses to suit a 
bridge of, this magnitude. After considerable discussion 
between_ Mr. Szlapka, the designing engineer of the 
Phoenix Bridge Co., and Mr. Hoare and himself, it was 
found that nothing could be done in the way of changing 
the original specifications, except with the authority of the 
Deputy Minister of the Department of Railways and 
Canals. After considerable correspondence and _ discus: 
sion, and a personal visit to Ottawa, Mr. Cooper received 
on Aug. 23 a copy of an Order-in-Council, dated Aug. 15, 
certified by the clerk of the Privy Council, giving him, in 
a general statement, the authority to.make modifications 
from time to time in the specifications and the proposed 
loadings, subject to certain provisos and ‘“‘provided the 
efficiency of the structure be fully maintained up to that 
originally defined in the original specifications attached to 
the company’s contract.” 


Mr. Cooper could not recall having been consulted in 
any manner on the framing of the contract. He con- 
sidered that the Order-in-Council of Aug. 15, 1903, gave 
him, as consulting engineer for the Quebec Bridge Co., 
full and absolute authority to amend the specifications and 
to order such alterations in the construction plans as 
seemed best in his judgment, under the restriction that 
the efficiency of the structure should not be in any way 
reduced from that originally proposed and subject to the 
provisos previously referred to. Every change of any 
importance made by Mr. Cooper, certainly all those in 
the specifications, were referred to the chief engineer, 
Mr. Hoare, and supposedly through him to the department. 


As an experienced engineer of many years’ standing, Mr. 
Cooper recognized that the original specification of the 
Quebec Bridge Co. was what he would call a “‘scissored’’ 
one, that it was not drawn upon any theory by any 
person having the importance of this bridge structure in 
his mind. Although a specification for a Canadian bridge, 
there was no recognition of the snow weight that must 
at times come upon this structure. The requirements for 
the wind strain were those practically imposed upon the 
Forth Bridge, against the protest of the chief engineers 
of that bridge, Messrs. Baker and Fowler. The train load , 
and train requirements were not as great as he thought 
they should be in the present state of transportation. He 
saw that a large amount of the material in this bridge 
was going to be devoted to giving it horizontal strength 
against an imaginary and an impossible wind, material 
that could be much more favorably placed to give the 
bridge vertical strength under higher train loading. 


He therefore corrected the specifications to provide for a 
less wind strain than that originally required, with a 
greater vertical loading than that at first required. Being 
impressed with the necessity of restraining the weight of 
the structure under these new loadings and changes of 
loads so that it would not exceed the original estimated 
weight contained in the contract, he made modifications 
in the unit strains to be employed upon the various 
members, with the view of keeping the final weight within 
the limitations and yet obtain more harmony in the rela- 
tive strength of the different parts of the structure. 


Previous to taking up the consideration of the new 
loadings the 21o-ft. spans making the approaches on each 
side had been constructed. On examining the plans, 
when submitted to him, Mr. Cooper found that the floor 
system was excessively heavy. He immediately wrote to 
Mr. Hoare, the chief engineer of the Quebec Bridge Co., 
that he found the floor systeth on these 210-ft. spans un- 
necessarily heavy; that they exceeded by 18 to 20 per cent. 
the best requirements of the Pennsylvania Railroad and 
all first-class railroads in the United States; that he un- 
derstood that directions had been given to build these 
approach spans according to the official specifications of 
the Department of Railways and Canals of Canada. He 
wrote Mr. Hoare as follows: ‘While it is a matter of 
not much importance for these particular spans, if this 
is to be taken as a precedent for the main spans it will 
add considerably to the weight.’”’ He afterwards 
plained that for every extra pound put in the floor system 
from four to five pounds extra metal would be requiréd in 
the trusses to carry it, and that this excessive require- 
ment would render it impossible to build the structure 
within the limitation of the financial ability of the com- 
pany, and that he did not consider it would in any way 
detract from the perfectly safe and satisfactory building 
of the bridge to lower the requirements to those accepted 
by the first-class railroads throughout the United States. 

These alterations were discussed with the designing 
gineer of the Phoenix Bridge Go. This, however, was not 
for the purpose of getting at their wishes, but to get the 
benefit of the views of Mr. Szlapka, a brother bridge en- 
gineer, upon the suggestions that witness was making. 

The Phoenix Bridge Co. practically had the contract for 
the construction of this bridge several years before they 
commenced the preparation of the plans. Mr, Cooper 
urged them at an early date to prepare their studies and 
plans as far as possible for the accepted 1,800-ft. span, 
for which no plans had yet been prepared, stating that in 
an important work like this very cautious and very care- 
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ful consideration would be required in each and every 
individual detail of the structure, and that this should be 
done before the rush of construction would come upon 
them. They gave this no attention and practically made 
no steps towards preparing the plans, Mr. Cooper testified, 
until they had completed their financial arrangements and 
had executed their present contract, dated June 19, 1903. 


There was not time enough given, in Mr. Coopér’s opin- 
ion, to the careful study and preparation of the drawings 
and plans of this structure, free from the rush and push 
of its practical execution. The time stated in this contract 
for the completion of the work, as verbally given to Mr. 
Cooper by Mr, Deans at the time, was three years. Mr. 
Cooper protested against that and stated it was an abso- 
lute impossibility to construct that bridge in three years; 
that under the most favorable circumstances, without con- 
sidering any contingencies, four years, at least, would be 
needed, and, in his judgment, five, at least, should have 
been asked for.. He told Mr. Deans at that time that this 
meant rush and hurry and the impossibility of giving 
thoughtful and careful consideration to every step before 
undertaking the work in the shop. The urgency and de- 
mand of the manufacturing side of this problem, in his 
opinion, outweighed and burdened the technical and 
thoughtful consideration of all the plans, 


For the checking of the strain sheets and detail plans 
prepared by the Phoenix Bridge Co. Mr. Cooper relied 
on his own office organization absolutely. This organiza- 
tion was maintained at his own expense, and he testified 
that it was not sufficient for the purpose, considering the 
other duties which were imposed upon him improperly. 
He considered this work properly part of the duties of 
the consulting engineer. 

It was necessary to order alterations in the plans pre- 
pared by the Phoenix Bridge Co. Numerous compara- 
tively minor alterations were frequently called for when 
the detail plans did not fully come up to the requirements. 
The most important alteration, however, was that of the 
long eyebar chord of the anchor arm. It was about June 
I, 1904, that the Phoenix Bridge Co. submitted their 
plan and arrangements for the top chord and diagonals 
of the anchor arm. After careful personal examination 
Mr. Cooper declined to approve it, as having violated the 
requirements that he had stated in a personal conference 
with the engineers and proprietors of the Phoenix Bridge 
Co. he should demand. At that conference he stated that 
he would accept no bars exceeding 2 in, in thickness unless 
it was an absolute necessity to use a greater thickness. 
Wis experience had proved to his satisfaction that when 


that thickness was exceeded satisfactory bars could not 
be obtained. In this plan submitted for the top chord 
they had used bars 2% in. in thickness and other pro- 


hibitory thicknesses, and they had arranged the bars at 


angles which were, to his mind, thoroughly unsatisfactory, 
and,he called for a new design. 

Mr. Szlapka, in a personal interview, protested that it 
could not be made better; that he had had his best men 
on it for two months, and he could see no change that 
could be made in it that would come nearer to his re- 
quirements than this plan. Mr. Cooper finally was com- 
pelled personally, although it was work he had not done 
for twenty years, to redesign the whole system. It was a 
very arduous and trying work, and when he was through 
he was thoroughly exhausted. He gave them a copy of 
his design and stated that it was not the best that could 
be done, but that it was the best that he could do, and 
he hoped now they would take the matter up from the 
point of view of the changes he had made and still fur- 
ther improve it in certain details which he pointed out. 


It was in early June that he first took up the question 
of this eye-bar chord. While he was working on this 
chord, on July 10, Mr. Szlapka brought him a new pack- 
ing which he refused again to approve, and it was not 
until July 31 that he succeeded in getting from the 
Phoenix Bridge Co, a satisfactory chord packing, in con- 
formity with his views and requirements. 

Mr. Cooper testified that he would have been glad to 
have had the physical strength and the time allowed him to 
have given further study to many parts of this structure, 
but in his physical condition he was compelled, and ac- 
cepted the responsibility for the same, to rely to some 
extent upon others. He said he had implicit confidence 
in the honesty and ability of Mr. Szlapka, the designing 
engineer of the Phoenix Bridge Co., and when he (the wit- 
ness) was unable to give matters the careful study that 
it was his duty to give them, he accepted the work to 
some extent upon his faith in Mr. Szlapka’s ability and 
probity. 

The inspection was not properly the duty of the con- 
sulting engineer, and the organization was not in accord- 
ance with his advice. Long before any work of construc- 
tion was started at the shops the chief engineer of the 
Quebec Bridge Co. asked him in regard to the matter of 
the inspection, and Mr, Cooper outlined the following 
program, stating that the inspection of the shop work 
on this structure was far greater and more important 
than anything that they had had experience with before; 
that the features of the mechanical work were minor ones, 
compared with the necessity of watching all the technical 
features of the plans, and that technical engineers, if 
possible with shop experience, who could not only inspect 
this work in the mechanical requirements, but see that all 
the technical requirements of the plan and strain sheets 
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were properly executed, should be employed. Mr. Cooper 
expressed a desire that technical graduates should be ap- 
pointed to the position of inspectors at the shops. He 
pointed out that after the erection werk commenced a 
highly developed class of men would be needed to take 
charge of that part of the work; it would be very re- 
sponsible and very difficult to undertake, and he hoped it 
would be possible to gradually weed out from those who 
were at the shop men who were competent to take charge 
of the inspection of the erection after it commenced. 
Mr. Cooper also pointed out to the chief engineer of the 


' Quebec Bridge Co. that when this bridge was done and 


finally completed and turned over to the proprietors it 
would be necessary to have a competent body of engi- 
neers to have charge of the structure, its maintenance and 
general supervision, and that such men should be men 
who were thoroughly acquainted with the whole history 
of the construction, the whole theory of the work, and 
who would be able to know the thing as intimately as 
possible, in‘ order to maintain and take care of the 


structure properly. He stated that, in view of this matter, ° 


he thought it would be fair and proper that, if it were 
possible, these inspectors should be Canadians, graduates 
of Canadian institutions, because the men having charge 
of this work would have to live there and they should be 
men of the country. 


He did not feel that Mr. Hoare was in sympathy with 
this matter, and did not succeed in obtaining at that time 
the men he hoped for. At a conference at Phoenixville 
about the time the work was under way the necessity of 
an inspector became imperative, and he stated that he was 
hampered; that the men’s names that Mr. Hoare had sent 
him did not satisfy him sufficiently to have him recom- 
mend them, and that he had no real right to take up that 
matter. Mr. Reeves, the president of the Phoenix Bridge 
Co., stated at that time that Mr. Edwards, the inspector 
at the time of the accident, had been an inspector at their 
shops for many years, and that they considered him a very 
competent man; that he was persona grata, and that 
he would recommend Mr. Cooper to give him considera- 
tion. Mr. Cooper had Mr. Edwards come to his office and 


examined into his history and found that some seventeen 


years before he had done some inspection for Mr. Cooper 
that was satisfactory, and that he had been constantly an 
inspector from that time on, and the witness appointed 
him inspector at the shops and so reported to Mr. Hoare. 


Later on, feeling the necessity of having some one 
qualified for the inspection of the erection, and failing to 
get any such person appointed, Mr. Cooper heard of Mr. 
McLure, bridge inspector at that time on the New York, 
Ontario & Western Railroad. He sent for him and ex- 
amined into his career. Mr. Cooper found he was a 
technical graduate. Witness inquired into his ability to 
climb and his ability to express himself clearly in regard 
to technical matters, and concluded that he was a de- 
sirable candidate for the position of inspector for the 
erection. Mr. Cooper again took the initiative and ap- 
pointed him assistant inspector at the shops, telling him 
that the ultimate purpose was that, if he proved himself 
competent after a trial, he should be the inspector of the 
erection. Mr. Cooper sent him to the shops, under in- 
structions that, while he was to give sufficient attention 
to the mechanical inspection to make himself thoroughly 
acquainted with the construction of the work, he should 
bear in mind that his principal duty was to prepare him- 
self for inspecting the erection; that he should make 
himself thoroughly acquainted with all the strain sheets, 
not only of the work as it would finally be constructed, 
but especially the strains due to the erection; that he 
should be so prepared that when he went to the bridge 
he would know under every change daily made in the 
load what the effect would be upon all the members of 
the structure theoretically, and that it would be his duty 
to see that they practically met the expectation of the 
theory. Witness explained to him in a general way the 
camber necessity, the changes of position of the different 
members and the necessity of keeping careful and watch- 
ful eye-on these actions and to know why these modifica- 
tions were expected, and, when they did not occur, to 
find out why. Mr. Cooper then privately requested Mr. 
Szlapka to give all the aid he could in educating Mr. 
McLure for the position and confidentially to give wit- 
ness his opinion of Mr. McLure’s capacity after he had 
been there a sufficient time to determine it. Later on 
Mr. Szlapka reported that he found Mr. McLure very 
energetic, very active, very bright and thoroughly capable 
of undertaking the work in view. 


Mr. Cooper reported the appointment of Mr: McLure 
to Mr. Hoare. The general impression left upon Mr. 
Cooper’s mind after communicating with Mr. Hoare, was 
that he did not want Mr. McLure. He even stated that 
he had other*+men in view. The work of erection had 
progressed to the extent of placing nearly all the lower 
chord of the anchor arm upon the false work before 
Mr. Hoare called for Mr. McLure’s assistance. He. had 
previously to that forestalled Mr. Cooper’s action after 
the latter had appointed Mr. McLure by notifying Mr. 
Cooper that he had appointed Mr. Kinloch inspector for 
the erection. Without any reflection upon Mr. Kinloch, 
Mr. Cooper considered he was not qualified to do the 
duty expected of the inspector of erection. ._When Mr. 
Hoare sent for Mr. McLure finally, they were wedging 
out the lower chord for camber, something that Mr. 
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Cooper was thoroughly satisfied neither Mr. Hoare nor 
Mr. Kinloch understood. He thought that was the reason 
for calling for Mr. McLure at this late day. 


In many directions the workmanship was perfectly 
satisfactory, but Mr. Cooper had cause to make frequent 
complaints of the mechanical department, especially re- 
garding the facing of the compression members and the 
boring of the pin holes. He frequently and strongly 
expressed his. dissatisfaction with the faults that were 
made, and also required all such faults to be corrected 
to put the work into a satisfactory shape. Whether that 
was done he had no personal knowledge except the re- 
ports from the Phoenix Bridge Co. and the inspector. 
During the erection, on June 2, 1906, Mr. McLure re- 
ported that when preparing to erect the center posts he 
found the bearings of the upper parts of this post were 
not true and straight and sent sketches which indicated ° 
very bad shop workmanship. Mr. Cooper instructed him 
to stop the erection until this was properly corrected and 
remedied. He reported later, that this, work had been 
corrected in accerdance with-the ‘witness’s instructions. 


The magnitude of the structure called for much better 
workmanship than is usual for ordinary bridges and Mr. 
Cooper did not think that in all matters proper efforts 
were made to secure such workmanship, particularly in 
reference to the facing of the compression members and 
the boring of the pin holes. 3 


The inspection of the work of erection and the taking 
charge of that work was not the duty of the consulting 
engineer. It was the duty of the Chief Engineer and his 
organization, with the sole right to apply to the consulting 
engineer for advice upon any special problem. 

The local staff at Quebec, employed by the Quebec 
Bridge Co. and the Phoenix Bridge Co., was not fully 
competent to handle the work, Mr. Cooper testified. 

When discussing the necessity of technical men for the 
inspectors he took the matter up with the Chief Engineer 
of the Phoenix Bridge Co. and pointed out to him not 
only the necessity of the Quebec Bridge Co. having 
competent men in charge of erection, but also the abso- 
lute necessity for the Phoenix Bridge Co. to have an 
engineer on the work at all times who was fully cog- 
nizant of the details of the structure, the action of the 
different members under the different strains and camber 
movements, and who would have the technical knowledge 
to take action if, at any time, the theoretical expectations 
should not be obtained, to determine why such result 
was not obtained and be able to direct the necessary 
corrections. 

On the part of the Quebec Bridge Co. Mr. McLure 
was the only person who had any preparation or qualifi- 
cations for supervising the construction of that bridge, 
and the time allowed him for preparation for this im- 
portant duty was not as great as should have been given 
him. From the reports that ‘has from time to time 
sent to witness, from personal intercourse with him, 
witness believed that Mr. McLure did all that could be 
expected of him under the circumstances. - 

For a man to be qualified, in Mr. Cooper’s opinion, to 
have the supreme local control of the erection of a 
bridge as important as that under consideration, Mr. 
Cooper thought he should have been a thoroughly techni- 
cally educated and experienced bridge engineer. Mr. 
Cooper did not think the Chief Engineer of the Quebec 
Bridge Co. had these qualifications. In reference to the 
local control by the Phoenix Bridge Co., Mr. Cooper 
did not think they had the quality of engineer that the 
circumstances demanded. In saying this he did not wish 
to reflect in any manner upon Mr. Birks, who sacrificed 
his life and who undoubtedly was a competent man in his 
line of experience; but Mr. Cooper did not understand 
that he had the thorough training and knowledge of all 
the requirements of this structure necessary to fit him 
for the responsible position as the engineering represen- 
tative of the contractor on such an important structure. 

The employment of a staff not equal in caliber to the 
difficulties of the undertaking on the part both of the 
Quebec Bridge Co. and of the Phoenix Bridge Co. was 
dificult for Mr. Cooper to explain. He supposed that 
in the case of the Quebec Bridge Co., like all projects 
undertaken by men not specially acquainted with the 
engineering features of any such great work, they were 
unable to make a proper selection. In reference to the 
Phoenix Bridge Co., he thought it was due to the fact 
that the commercial branch of that company gave more 
consideration to the pushing and completing of the work 
than they did to the giving of due consideration to the 
practical requirements of such a great structure. He 
testified that it was the general practice in America to 
have the mechanically trained staff of contracting com- 
panies prepare the working plans. As a rule, no con- 
sulting engineer could afford to maintain a staff of such 
character and no corporation would listen to a fee that 
would cover any such expense. 

The methods of erection were submitted to Mr. Cooper 
unofficially, not for his criticism, nor that they came 
within his ‘authority, but for personal interest. As 
previously stated, he stopped the erection of the center 
post until it was made satisfactory. . 

In the latter part of September, 1906, on receipt of Mr. 
McLure’s letter of Sept. 22, 1906, and letters following, 
it was made clear to Mr. Cooper that the anchor arm 
was not acting in accordance with the theoretical ex- 
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pectations. On studying the detailed reports of Mr. 
McLure and the levels contained in his reports, Mr. 
Cooper found that instead of the anchor arm working 
itself free from the falsework near chords 8, 9 and 10 
first, as it should have done, it was showing a tendency 
to lift at the far shore end. This was so anomalous that 
he sought for the reason and came to the conclusion that 
they had not considered the compression of the main 
center post under the additional load of the cantilever 
arm; that this was throwing an undue load upon the 
bents near point 9 of the anchor arm, and without giving 
at that time, Sept. 24, any positive orders, Mr. Cooper 
drew Mr. McLure’s attention to this point, believing that 
he and the engineer of the Phoenix Bridge Co. were also 
watching for these contingencies and would take the 
proper action to remedy the difficulty. 


It appears that nothing was done by the Phoenix 


Bridge Co. until several weeks later when, in an inter- 


view with Mr. Szlapka at Mr. Cooper’s office, the latter 
showed Mr. Szlapka the correspondence between Mr. Mc- 
Lure and himself and pointed out what he considered 
to be the difficulty. Mr. Szlapka acknowledged the theory 
upon which Mr. Cooper was working and ‘sent orders to 
Phoenixville to take the proper steps to relieve this 
undue strain at this point. There was some friction 
between Mr. McLure and the superintendent of erec- 
tion in reference to this matter, indicating that the 
Phoenix Bridge Co did not recognize the rights of any- 
body except themselves to control the erection. That 
point was brought up in a later discussion with Mr. 
Szlapka in an amicable way and Mr. Cooper distinctly 
told him that the Phoenix Bridge Co. were not the only 
parties who had a financial interest in this structure, that 
the parties whom the witness represented, the Quebec 
Bridge Co., had paid for the structure as it stood, that 
it belonged to them and they had an interest in seeing 
that it was not risked or injured. If it came to a point 
of determining his right or the right of any employee 
under him to protect the property of the company, Mr. 
Cooper thought they would find themselves in the wrong. 


The leaving the position of this chord at that time, 
with the falseworks not lowered to their proper position, 
could have produced an undue and an unprovided-for 
strain near lower chord 9 of the anchor arm, in Mr. 
Cooper’s opinion, especially considering that at that time 
the splices, which were the weakest and most hazardous 
portions of the structure, were not riveted and perhaps 
not fully and properly bolted. 


As far as Mr. Cooper knew, all difficulties, all questions, 
all decisions on any matter relating to the structure were 
referred to him, and practically he was acting not only as 
the consulting engineer, but as the chief engineer of the 
Quebec Bridge. 

At the original interview when he made the offer to 
undertake the examination of the competitive plans he 
was asked what his fee would be to act as consulting 
engineer when the worx was started. He stated that his 
fee would be $7,500 a year for such services. He did 
not recognize at that time that there was to be any ex- 
pense except an occasional visit to Quebec, so that he 
made no agreement regarding expenses. In August, 1901, 
being in Quebec and his fees backward in payment, find- 
ing that the company apparently were embarrassed for 
funds and considering that under the circumstances then 
before him it might be some years before any actual 
and important work would be required from him as con- 
sulting engineer, he wrote a new offer which amounted 
to reducing his fee to one-half. A member of the Board 
suggested at that time to make it the round sum of 
$4,000 instead of the one-half which was offered. That 
amount has been paid to him up to the commencement of 
this year. : 

When other duties than those of the consulting engi- 
neer began to be placed upon him, he suggested to Mr. 
Hoare that it was hardly fair, considering that he had 
reduced his fee to one-half, that he should not be granted 
some additional remuneration to aid him in carrying out 
the duties that had been placed upon him. No such 
additional remuneration was ever granted and no offer 
has ever been made to restore his original fee. His 
staff and office expenses due to the work required in 
the interest of the Quebec Bridge Co. were paid entirely 
from his own fee and they have amounted to approxi- 
mately the sum that he received from the Quebec Bridge 
Co. to cover his employment. 

With regard to what deviation of a rib of a main com- 
pression member from the straight would be passed in 
first-class inspection and what variation from the true 
plane is permissible in the faced ends of the ribs at 
butt joints, Mr. Cooper testified that it is impossible to 
draw any general and definite rule that applies to all 
cases. There must be a certain amount of engineering 
judgment applied to each special case, but in a general 
way, bearing in mind the compression chords of this 


structure, that any deviations from a straight line cor- 


responding to the axis of the member exceeding % in. 
would not be good, and if this amount of deviation is 
only for a short length it becomes far more serious. In 
regard to the amount of error that might be permitted in 
facing the ends of compression members, bearing in mind 
the large dimensions of those. in this structure and the 
importance of having the best workmanship on account 
of the high demands made on all parts of the structure, 
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1/64-in. variation from a straight line on the full width 
of the lower chord would be the extreme limit that should 
be permitted. 


In the early stages of the erection, long before the 
large traveler was passed over to the cantilever arm, Mr. 
Cooper drew Mr. Szlapka’s attention to the undesirability 
of using the large traveler for erecting the suspended 
span, pointing out that it was unduly hazardous and was 
unnecessary for various reasons. He agreed to have a 
small traveler designed for the purpose of erecting the 
suspended span. 
they then appealed to Mr. Cooper that it would be 
necessary to use the large traveler for the purpose of 
erecting the small traveler into position. Mr. Cooper 
gave consent to that being done, but it was clearly under- 
stood that as soon as the small traveler was erected, the 
big traveler would be removed from this structure and 
that the erection of the suspended span would be con- 
tinued with the use of the small traveler only. He was 
under the supposition that the large traveler was being 
taken down. He knew they had commenced to take it 
dow1t, and was very much astonished when he found that 
they were continuing the erection of the suspended span 
with the use of the small traveler and most of the 
weight of the large traveler still at the extreme point of 
the cantilever arm. Z 

In Mr. Cooper’s opinion, the weakest and most 
hazardous part of the design was unquestionably the 
splices of the lower chord. While, from the appearance 
of the wreck, these splices when properly and fully 
riveted were the strongest part of the compression chord, 
when unriveted or improperly bolted they were in a con- 
dition of great hazard and uncertainty. As these splices 
in the anchor arm could not be riveted until the camber 
action. had taken place and the joints had come to full 
and proper bearing, they were, if improperly stayed and 
bolted, very dangerous points and should have been most 
carefully watched and protected. From the report of the 
condition of splice 7-8, cantilever arm, which is con- 
tained in correspondence following Aug. 6, 1907, there 
was first made clear to Mr. Cooper the seriousness of 
these splices and the lack of appreciation of the necessary 
care to be given them by the Phoenix Bridge Co. 

Mr. Cooper testified that he was satisfied that the 
jnitial point of failure was west chord 9 in the anchor 
arm. His testimony concerning his knowledge of the 
failure and the events leading up to it was as follows: 


“On the morning of Aug. 29, on redching my office 
somewhere about 11.25 o’clock, I found Mr. McLure at 
the office. After speaking to him I passed to my office 
and took up my morning mail, among which was the 
communication of Mr. McLure narrating the condition 
of chord 9, west, anchor arm. After carefully reading 
and considering the letter I called Mr. McLure into my 
office and cross-examined him to find out whether the 
facts given were actual or whether he had been scared, 
and satisfying myself that the data there were from 
actual measurement and actual observation, I said: ‘It is 
very serious.’ He said: ‘Mr. Cooper, they have moved 
out the small traveler, but we have estimated that it will 
not add to the strain on chord 9 more than 50 Ib. per 
square inch, but they are going on this morning to erect 
more of the work; do you think that is right?’ I said: 
‘By no means right.’ 

“T said: ‘Is Mr. Milliken on the work?’—intending to 
immediately telegraph orders to Mr. Milliken to stop it. 
‘No,’ he said, ‘Mr. Milliken is not present on the work; 
there is only a foreman present.’ ‘Well,’ I said, ‘I do 
not know whether a foreman would take a suggestion 
from me or not; I will have to telegraph immediately to 
the Phoenix Bridge Co. for them to wire to the bridge,’ 

“J said: ‘Are you sure that the Phoenix Bridge Co. 
have these same facts before them that you have pre- 
sented to me?’ And he said: ‘Exactly the same report 
has gone to Phoenixville that you have now received,’ 
That was confirmed by a telegram handed me about the 
same time from Mr. Hoare, stating that Mr. Birks had 
received a telegram from Phoenixville stating that this 
chord had been bent before it left the shop. Satisfied 
then that the Phoenix Bridge Co. had the same facts I 
immediately telegraphed them to ‘add no more load to 
bridge till after due consideration of facts.’ 

“T then said to Mr. McLure: ‘You must go to Phoenix- 
ville immediately and tell the Phoenix Bridge Co. that 
I do not want any delay such as that involved in the 
discussion that we have had heretofore on similar oc- 
casions, but I want immediate action to strengthen that 
chord and to protect the bridge.’ He pulled out his time 
table and said: ‘Mr. Cooper, I cannot reach Phoenixville 
before five o’clock,’ I then added to the despatch: ‘Mr. 
McLure will be over at 5 o’clock.’ Mr. Berger went to 
the Western Union office and they had the telegram 
endorsed : ‘Sent from the Western Union office at 12.16 
p. m.’ 

“T immediately took up the problem of how to protect 
and how to strengthen that chord and made some 
sketches which I showed to Mr. Berger. I said: ‘If the 
Phoenix Bridge Co, do not themselves adopt some better 
method I would suggest that to them.’ At 9 o’clock that 
evening I was called up on the long-distance telephone 
and Mr. McLure reported that the bridge was in the 
river. 

“T think the deflection of. an important member, as 


The small traveler was designed and. 
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chord 9 west, to the extent of 2% in. would indicate 
to any intelligent mind that that chord was less capable 
of doing the duty that it would have done if in a per- 
fectly straight condition and I do think that it was per- 
fectly possible by prompt and intelligent action to have 
stayed that chord and prevented the failure of the bridge.” 


Testimony of Peter L. Szlapka. 


Mr. Szlapka, designing engineer of the Phoenix Bridge 
Co., testified that the general design of the Quebec bridge 
was prepared in the company’s designing department un- 
der his personal direction. The work was then turned 
over to Mr. Scheidl, engineer in charge of the shop 
drawings. The main features of the design were ex- 
plained and complete specifications, as prepared by the 
Consulting Engineer, were given to him for his guidance 
in designing the details of the bridge. After preparing 
the general preliminary details of the most important 
connections, Mr. Scheid] discussed them with Mr. Szlapka 
and changes were made if found necessary. These pre- 
liminary drawings were discussed with Mr. Cooper and 
changes made as directed by him. After these prelim- 
inary details were established to the Phoenix company’s - 
complete satisfaction an assistant engineer and a number 
of first-class draftsmen (varying from five to fifteen) 
were assigned to Mr. Scheidl’s charge, who prepared the 
final shop drawings, using the preliminary plans for their 
guide. The final shop drawings were only then consid- 
ered as complete, after being changed as many as seven 
or eight times. The general calculations were checked 
twice in the designing depaftment and twice in the draw- 
ing room during the preparation of shop drawings. 

Speaking in a general way, Mr. Szlapka said he de- 
signed the bridge; it is, however, of such a magnitude as 
to be beyond the ability and physical» endurance of one 
man. The results achieved represent combined efforts 
on the part of all the departments of the Phoenix Bridge 
Co., under the direction of the consulting engineer, Theo- 
dore Cooper. 

The regular organization of his department and of 
the drawing room Mr. Szlapka considered entirely capable 
of dealing with the problem. No addition was found 
necessary. The shop drawirigs were first checked by Mr. 
Scheidl, the engineer in charge, as to strength, general 
clearances, facility of erection and connections with other 
members. The assistant engineer, under immediate charge 
of Mr. Scheid], checked the drawings as to their correct- 
ness for all connections and for shop work. At certain | 
stages of the work, when the drawings were tow far ahead 


- of the checking, as many as six engineers and five of the 


best draftsmen were used as additional help in checking. 
The few errors found during erection the witness consid- 
ered the best evidence of how carefully all the shop draw- 
ings were prepared and checked. 

The information in the Phoenix plan 1, dated Nov. 30, 
1897, referring to the length of spans, cross-section of 
river and the clear height of bridge, was furnished by 
Mr. Hoare, chief engineer of the Quebec Bridge Co. 
The company’s plan No. 2, dated Dec. 7, 1897, is identi- 
cal as regards the superstructure, with a plan dated Jan. 
13, 1898, signed by Messrs. Parent, Barthe and Hoare, 
of the Quebec Bridge Co. A plan dated Jan. 13, 1898, 
is practically a copy of the plan of Dec. 7, 1897. 

In designing the 1600-ft. span first talked about, the 
Quebec Bridge Co.’s specifications were followed in every 
particular, except as regards wind pressure under 30 deg. 
to the horizontal, which requirement was disregarded as 
unnecessarily severe. 

The plans submitted with the tender, being only of an 
approximate character, no recalculations were made based 
on the approximate weight ascertained from the first cal- 
culations. Mr. Szlapka had no doubt at this time as to 
the existence of data sufficient to enable engineers to 
design the bridge, especially in regard to large compres- 
sion members. 

‘About April, 1900, Mr. Szlapka received orders from 
Mr. Deans to prepare a plan with a central span of 1,800 
ft. Not understanding that the length must be exactly 
1,800 ft., the panel lengths working out better for a 
slightly shorter span, Mr. Szlapka selected a central span 
of 1,723 ft., keeping the length between the anchorages 
2,800 ft., as required. After he was informed that the 
central span must be exactly 1,800 ft., he prepared an- 
other plan in harmony with these instructions. Subse- 
quent to April 22, 1900, he made several general plans 
of the Quebec bridge, all of which show the river span 
at 1,800 ft. The change in span from 1,600 to 1,800 ft. 
was considered by the witness to be entirely feasible from 
an engineering point of view. 

During May and June, 1900, after the 1,800-ft. span 
had been adopted, only the suspended span and the canti- 
lever-arms ‘were recalculated for the new length of the 
central span, according to the Quebec Bridge Co.’s speci- 
fications. No table of weights was prepared at,this time. 
As regards the lengths of the cantilever-arms and the 
suspended span, the latter was made three-eighths of the 
main central span; the usual length of the suspended 
span varies from three-eighths to one-half of the central 
span. Witness selected the lower limit in order to re- 
duce the erection stresses at the connection of the sus- 
pended span with the cantilever-arm. He also believed 
that this arrangement enhanced the beauty of the design. 
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The anchor-arm was made 500 ft. by order of the chief 
engineer of the Quebec Bridge Co., which length ap- 
peared to be desirable in order to avoid reversed stresses 
in the top and bottom chords, according to the different 
positions of the live load. 


_, A continuous study was given to the general design, 


while the details were perfected as the work progressed. 
The final design, Mr. Szlapka believed, could not be im- 
proved upon. Many of the details were roughly sketched 
out as early as 1897 and 18g8. All important general de- 


‘tails were drawn out by Mr. Scheidl during 1902 as a 


basis for further study and perfection. The details at 
that time not being final, their weights were not ascer- 
tained in order to compare them with the rough weights 


of details assumed in the calculations. 


The outline of the bridge was discussed with Mr. 
Cooper fully. The lengths of the cantilever-arm and the 
suspended span were approved by him, while the length 
of the anchor-arm was specified by the chief engineer of 
the ‘Quebec Bridge Co., governed by local conditions. 
The panel length, the arrangement of the web system 
and the depths of the trusses were discussed and ap- 
proved. Mr. Cooper was at first of the opinion that 
trusses inclined from the vertical would be preferable, so 
that the effect of any settlement of the main piers would 
not be as readily perceived as in the case of vertical 
trusses, when one or both trusses might be out of verti- 
cal. This question was finally settled by Mr. Cooper in 
favor of vertical trusses in October, 1903. Another point 
raised by Mr. Cooper was the vertical end posts of the 
anchor-arm. His attention was called to the fact that the 
vertical posts were preferable to inclined énd posts ad- 
mitting of simpler details for end portals, and, at the 
same time, giving to the anchor-arms the appearance of 
greater length than would be the case with the inclined 
end posts. This question was also settled by Mr. Cooper 
in favor of vertical end posts in October, 1903. 

The floor system was figured first beginning July 1, 
1903, followed by calculations of the suspended span 
during the period from November, 1903, to February, 
1904. The weights of the cantilever-arm and suspended 
span were then believed to be sufficiently accurate, and 
were so approved by Mr. Cooper, to enable the witness 
to correctly design the anchor-arm., Subsequently, when 
the suspended span and cantilever-arm were developed, it 
was found that the actual weights were somewhat in 
excess of those assumed for the calculation of the anchor- 
arm. 

On May 13, 1903, the Phoenix Bridge Co. received a 
letter from Mr. Cooper stating that he was ready to see 
Mr. Szlapka to talk over specifications for the main 
bridge. Mr. Szlapka visited:-Mr. Cooper on May 14 and 
received from him a full explanation of the loading and 
unit stresses to be used in proportioning the members of 
the main bridge. Mr. Cooper impressed upon the wit- 
ness the importance of strictly following his specifications, 
but at the same time to be prepared to consider special 
important features with him irrespective of the require- 
ments of his written specifications. In view of Mr. 
Cooper’s proposition to use, for certain combinations of 
conditions, unit stresses as high as 24,000 lb., or three- 
quarters of an average elastic limit of 32,000 Ib., Mr. 
Szlapka mentioned to Mr. Cooper the fact that a German 
professor proposed to use a fraction of the elastic limit 


~ for unit stresses for truss members after first allowing 


for irregularity of shop work, for imperfect erection, for 
flaws in material, etc. A table showing extreme velocities 
of wind at various stations, as reported by the United 
States Government, from 1883 to 1893, was presented by 
Mr. Szlapka to Mr. Cooper for his consideration in dis- 
cussing the question of wind pressures. Mr. Szlapka did 
not suggest any modifications in the Quebec Bridge Co.’s 
specifications. After learning from Mr. Cooper his exact 
wishes as to the loading and unit stresses, the calculations 
were begun on the floor system, followed by the 675-ft. 
suspended span. The amendments made in the specifica- 
tions by Mr. Cooper were not subject to Mr. Szlapka’s 
approval. 

The unit stresses used in the designing of the anchor 
arm, as determined under the revised specifications 
adopted by Mr. Cooper, were considered by Mr. Szlapka 
up to the extreme limit of economy in design and safety 
to the structure. In finally developing the stress sheet 
for the cantilever arm and the suspended span, it was 
found that the weights produced were in excess of those 
estimated in the design of the anchor arm, and these 
excess weights tended to increase the stresses in the 
anchor arm. ‘The detail design of anchor arm was not 
altered so’as to meet these increased stresses, however. 
The weights of the suspended span and of the cantilever 
arm, assumed in the first calculation of the stresses of 
the anchor arm, were smaller than the weights as finally 
obtained. Consequently, the stresses of the anchor arm, 
due to these increased weights, were increased, the anchor 
arm having been built in the meantime. Mr. Szlapka 


considered that these increases in unit stresses were still 


within the limits of safety. 

The whole scheme of the bridge could nvt be fully 
considered in detail before shop work commenced. Gen- 
eral experience enabled the Phoenix Bridge Co. to proceed 


_without occupying valuable time and the time limit pre- 


cluded any such arrangement. The ordinary rule, which 


is imperative in all cases, irrespective of the unprecedented 


dimensions of this structrue, was followed. 


e 
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Mr. Szlapka testified that his relations with Mr. Cooper 
were of a perfectly cordial nature throughout the whole 
period of the designing and erecting of the Quebec 
bridge. Mr. Cooper’s criticism of plans and design 
was such as might be expected from an engineer of 
his experience and ability. Mr. Cooper was aware of 
the exact conditions of design on Oct. 1, 1904, at 
which period he approved the design of a large portion 
of the anchor arm, and was aware that strain sheets for 
the cantilever arm had not been made. He ordered no 
recalculations made. Knowing, however, that the weights 
assumed for calculations were exceeded by the actual 
shipping weights as reported to him by his inspectors, 
he, no doubt, made some calculations, as he remarked 
to Mr. Szlapka on one occasion during 1906 that “this 
fact did not amount to anything.” 

Mr. Cooper, among others, made the following sug- 
gestions: 


First. Arrange anchorage of wind bent on anchor piers 
so that anchor bolts resist wind shear only, while the 
upward pull is transmitted to the anchor pier by the 
anchor bars only. Adopted. 

Second. Change friction (due to lateral wind pressure 
and change of temperature) between end floorbeam of 
anchor arm and top strut of wind bent from sliding to 
rolling friction. Adopted. 

Third. Arrange expansion of floor system so that no 
undue bending is produced in the floorbeams. Adopted 

Fourth. Arrange expansion between suspended span and 
cantilever arm, at both ends, instead of at one end as 
proposed by the Phoenix Bridge Co. Adopted, but not 
considered an improvement by Mr. Szlapka. 


Fifth. Arrange packing of eyebars in top chord of an- 


chor arms, as per Mr. Cooper’s two sketches. Not 
adopted. Found entirely faulty by the Engineering De- 
partment. The Phoenix Bridge Co.’s packing adopted 


with very small modifications suggested by Mr. Cooper. 

Sixth. Provide wooden traction arrangement between 
suspended span and cantilever arms, as shown on Mr. 
Cooper’s sketch. Not adopted, as not being in harmony 
with the high standard of the rest of the details of the 
bridge. Its design. was still open when the bridge fell. 
Mr. Cooper urged the adoption of this wooden arrange- 
ment as it could easily be made by a track-walker and 
attended to by him in case of repairs. Not wishing to 
criticise Mr. Cooper’s scheme, Mr. Szlapka remarked that 
it might be criticized by the profession; to this Mr. 
Cooper answered “there is nobody competent to criticize 
si 

Seventh. Change lateral bracing in floor system, as per 
Mr. Cooper’s letter. Not adopted, as inferior to the 
Phoenix Bridge Co.’s design. 

From his personal observations, Mr. Szlapka believed 
that all plans were carefully examined in Mr. Cooper’s 
office; either by Mr. Cooper personally, or by his assist- 
ant; the latter reporting on all important questions to 
Mr. Cooper. The fact that even unimportant mismatched 
connections did not escape the attention of Mr. Cooper’s 
office certainly proves the thoroughness and careful study 
bestowed on the examination of the plans. Considering 
Mr. Cooper one of the ablest and most experienced 
bridge engineers in the country, Mr. Szlapka discussed 
fully with him all main features of the bridge. His advice 
and directions were always sought and appreciated. 

After the first sections of the lower chords of the 
anchor arms were constructed in the shops, Mr. Reeves, 
President of the Phoenix Bridge Co., remarked, in the 
company’s engineering office, that the lattices on the 
chords appeared too light and that they were liable to be 
injured or damaged in handling in the shops and trans- 
portation to site. Mr, Szlapka answered that lattices of 
any size might be injured and destroyed if carelessly 
handled in the shop or in transportation. This conversa- 
tion was reported by Mr. Szlapka to Mr. Cooper. He 
answered that he Jooked into the question of the strength 
of the lattices while checking the plans and that “we had 
it all right.’ 

Mr. Cooper was aware that it was the intention to 
use the large traveler for erection purposes as far as 
the center of the suspended span, from conversations 
with Mr. Szlapka, and owing to the fact that he ap- 
proved the unit-stresses due to the erection based on the 
above condition. 

The first intimation Mr. Szalpka had that led him 
to suppose that any member in the bridge was showing 
distress was when his attention was called to the curved 
condition of chord 9L, south anchor arm, by Mr. Birks’ 
report, enclosing a sketch of the chord, on Aug. 29. 

Assuming the bridge to have been successfully com- 
pleted, the wnit-stress in chord 9, anchor arm, was figured 
by Mr. Szlapka to be 21,200 lb. including live and dead 
load and snow. In his judgment the weakest parts of 
the structure, first, during erection, and second, when 
completely erected, were the compression members of the 
bridge. 

Mr. Szlapka’s testimony regarding the failure reads as 
follows: “‘It appears reasonable to suppose that after the 
fall the center of gravity of the top mass of the metal 
should be on that side of the center line of the bridge 
on which the initial failure of any important truss mem- 
ber took place. This condition of the top chords actually 
existing clearly indicates to my mind that east chord 
section 9, south anchor arm, failed first, dragging the 


the cantilever-arm as follows: 
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west chord, section 9, after it. The two main shoes 
have been pushed off their pedestals towards the south 
anchor pier by an unbalanced horizontal force over the 
main pier. This condition was created by the destruc- 
tion of chord 9, anchor arm, and the release of the 
horizontal component of chord ro, cantilever arm.” 

The reason he assigned for chord 9 in the anchor arm 
yielding under a unit-stress of 18,000 lb., when they were 
calculated to safely carry a much higher unit-stress, is 
that the main sections, being sufficient to resist the 
stresses existing on that day, either the detail parts 
uniting the four ribs failed, or the ribs buckled in- 
dividually, or both. 

In Mr. Szlapka’s opinion there is no reliable theory 
established, nor are there any results of extensive tests 
on compression members on record as regards detailing 
of these large members. No data exists showing clearly 
when lattices only are sufficient to unite fully two or 
more ribs into one rigid unit. There is, no doubt, a 
limit to the depths of compression members when lattices 
only may be used, and when, on the center line of the 
ribs, in addition to the lattices, a continuous horizontal 
plate-girder must be added. Wehave no data, in his 
opinion, showing how much more efficient top and bot- 
tom cover plates are than heavy lattices, nor do we 
know when, in addition to top and bottom cover plates 
on the center line of the ribs, girders as above men- 
tioned should be used. All doubt as regards these im- 
portant features of detailing large compression members 
should be eliminated by extensive tests, as arguments 
advanced by theoretical investigations are based on more 
or less vague assumptions. It is the duty of the entire 
engineering profession to strive to secure numerous tests 
to establish rules to be followed in designing com- 
pression members of large size, in order to replace or to 
corroborate present opinions. 

In splicing large compression members Mr. Szlapka 
considers that the area of the splice-plates would be 
sufficient if they represented from 15 to 20 per cent. 
of the area of the members. A splice which was to be 
60 per cent. bolted up he considers properly bolted if 
30 per cent. drift-pins were used. The anchor arm, ~ 
during erection, acted generally as expected. Considering 
the height of the falsework, 160 ft., the wooden false- 
work foundations resting on natural ground, the varia- 
tions in the field as compared with the office calculations 
were insignificant. 

Secondary stresses due to the enforced position of the 
members in the structure were considered; but no allow- 
ance was made for them, ‘ 


First—In floorbeams due to bending induced by rail- 
toad stringers during change of panel lengths of trusses. 
No allowance made, as directed by Mr. Cooper. 


Second—In eyebars due to bending induced by devia- 
tion of the bars from longitudinal axis of bridge. No 
allowance made as directed by Mr. Cooper. 


Third—In end vertical posts of suspended span due 
to temperature change. Insignificant. 


Combinations of wind and loading, assuming the load 
increased by 50 per cent., would produce unit-stresses in 
Chord 7, 25,600 lb.; chord 
8, 25,900 lb.; chord 9, 26,800 lb.; chord 10, 26,400 Ib. 
These unit-stresses were approved by Mr. Cooper. 

The combination of conditions of loading being practi- 
cally impossible, Mr. Szlapka did not believe that the 
efficiency of the bridge was affected by the high unit- 
stresses given above. 

In order to begin the erection of the north anchor- 
arm early in the spring of 1908, the large traveler had to 
be removed from the south side and re-erected on the 
north side in the fall of 1907 before it was possible to 
finish the erection of the entire south half of the central 
span. Therefore, another traveler had to be provided 
for the erection of the south half of the suspended span, 
only about one-quarter as large as the large traveler, 
thus effecting a considerable saving of metal in the sus- 
pended span. 

The use of this small traveler was first suggested, and 
finally decided upon, by the Phoenix Bridge Co. about 
January of 1906, with Mr. Szlapka’s full approval. The 
original scheme of: erection contemplated the use of the 
large traveler to the center of the suspended span; the 
erection stresses in the cantilever-arms were so figured 
and sizes provided. The stress sheet of the cantilever- 
arm was approved by Mr. Cooper, showing sizes for erec- 
tion stresses for the above condition. Stresses in the 
suspended span, due to small traveler, were only about 
25 per cent. to 33 per cent. of the stresses due to the 
large traveler. 

Knowing that every part of the bridge was figured 
with the utmost care as to its strength, that the results 
of the calculations were checked and compared at least 
three times in the Phoenix Bridge Co.’s office, that they 
were then sent to the consulting engineer for comparison 
with his calculations and for his approval, and that they 
were fully approved by :him; knowing further that the 
shop plans were prepared under the witness’s personal 
supervision by a corps of able engineers and draftsmen, 
that these plans were redrawn several times; that they 
were then sent to the consulting engineer for his study 
and approval and that they were all approved by him; 
knowing further that every part of the bridge was con- 
structed strictly in accordance with these plans; knowing 
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also that the erection was conducted carefully and strictly 
according to plans prepared by the engineering depart- 
ment—knowing all these facts, Mr. Szlapka was forced 
to believe on Aug. 29, 1907, that the bridge was in a 
safe condition, and that no part could show the least 
sign of weakness due to stress, especially as the loads 
of the bridge on that day were such as to produce stresses 
in the truss members only about three-fourths of the 
stresses the bridge was figured to be able to bear with 
entire safety after-its final completion. 

It was impossible for him to believe that the bridge 
was failing or that the amount of curvature in chord 9L 
was as reported. The resident engineer, Mr. Birks, 
stating on Aug. 29, on the telephone, that there was no 
distortion in any lattice, that all rivets were tight, that 
there was no change taking place in any part of the 
chord, Mr. Szlapka was further strengthened in his be- 
lief that there was nothing wrong with that member. He 
made rough calculations of the chord, however, using 
14,000,000 lb. axial stress, and an average curvature for 
the four ribs of the chord of 1% in., and found that 
even with this improbable curvature, the chord was not 
in a dangerous condition. 


Testimony of Charles Scheidl. 


Mr. Scheidl was assistant engineer in charge of the 
drafting work of the Phoenix Bridge Co. for about 
eight years, and as such looked after the details of the 
design of the Quebec bridge. The first step taken was 
to determine how the suspended span would be con- 
nected to the cantilever arms, then the shoes for the main 
posts were considered, and after that the anchorages were 
considered. 

The details for the suspended span were those gen- 
erally used. The details at intersections of top of 
hangers and top of sub-posts were first tried with 
one pin, but the connections made the one pin very 
long and the connected members had undesirable, long, 
weak jaws, while with the introduction of links the 
hanger and sub-verticals could be connected in a most 
satisfactory and substantial manner to the transverse 
bracing, giving greater stiffness. Besides, the difh- 
culties of erection were reduced, as otherwise the traveler 
would have had a much greater overhang and this 
would not only have increased the weight of the traveler, 
but also the weight of the structure. 

The next study was the arrangement of the top chord 
packing for cantilever and anchor arms. Links fast to 
posts for diagonal eyebars were deemed necessary. For 
the top chord connections at the main post of the canti- 
it was proposed to use only one pin at these 
apices. The details of the principal panel connections 
were drawn out next. The links for the connection at 
the bottom end of the diagonal eyebars were first designed 
fast to the bottom chord as being more desirable and 
smaller in size, but this scheme had to be given up as 
the connections of the floorbeams to the post and the 
bottom chords became weaker, while links fast to the 
posts gave a splendid connection between the floorbeams 
and posts. 

The main shoes and main posts were next gone into. 
Extraordinary dimensions were required for the pedes- 
tals under the main shoes to distribute properly such 
an enormous weight over the masonry. The original 
idea was to build each tier of pedestals in one piece, 
but shipping limits forbade this and special milling 
machines had to be constructed. The shoe had been so 
designed that all loads passed through its pin, but the 
scheme of letting the main post bear directly on the 
pedestals while shear from the bottom chords only passed 
through the shoe pin was considered too. Special at- 
tention had been given to transferring all wind loads 
collecting near the shoe into the masonry. The detail 
at the top of the main post was at first tried with one 
pin, but two pins were found necessary. The main 
post had been so designed that the placing of its ribs 
gave the best resistance to bending of that part of the 
port where transverse bracing had to be omitted for the 
passace of trains and wagons, while the ribs of the posts 
near the top and bottom had to be placed in a longitudi- 
nal direction. 

The prelithinary detailing began in July, 1903, after 
the receipt of the revised specifications. The first step 
was to determine the normal lengths of all bridge mem- 
bers. As the trusses had not a single horizontal mem- 
ber, all inclined members were designated by ordinates 
and co-ordinates and the elevation of any panel point 
could quickly be checked without knowing the length of 
any inclined member. Next, preliminary drawings of all 
plate and trussed floorbeams and of all stringers were 
made and sent for approval. Then details showing 
the type of transverse bracing were made for approval, 
and details showing the main shoes, pedestals, connecting 
chords, and their bracing. 

The arrangement of the eyebars for the anchor arm 
required considerable study, as the bending moments 
on the pins was not allowed to exceed the allowed values 
of a 12-in. round pin. The final decision was to have 
no eyebars thinner than 1% in., nor thicker than 2 1/16 
in. To avoid additional stresses on eyebars, the skew 
in regard to the center line of the trusses was not 
allowed to exceed 4 in. in 50 ft. If the skew could not 
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‘provided for, 
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be kept within that limit on account of clearances for 
bridge, the eyebars were bored skew to eliminate ad- 
ditional stresses in the eyebars and the method of mark- 
ing such eyebars was most distinct and precise, so as 
to make sure that any such bars would not be placed the 
wrong way in the bridge. The sides of these eyebars 
were marked before being removed from the boring 
machine and the heads were painted “Inside’’ and ‘‘Out- 
side” with different colors. 


In all cases the desire was to avoid difficult calculations 
by placing the eyebars so that moments could be reduced 
to zero as often as possible. All eyebars were so grouped 
and the ribs of the chords were so divided that all ribs 
at connections were packed alike, and, therefore, stressed 
alike. In all top chords the stresses coming from the 
diagonals were counterbalanced by eyebars in the chords 
placed so that this transfer was practically direct, while 
the rest of the chord eyebars, getting their stresses from 
former panel points, were side-lined. 


The details for anchorages were worked out next. The 
method of transferring wind shear at the end of the 
anchor arm to the masonry had been made through 
checks between the end floorbeams and the top strut of 
the wind bent. The uplift caused from wind had been 
taken care of by means of long foundation bolts. This 
wind uplift was finally ordered to be taken care of by 
the main anchor bars themselves, and only the horizontal 
transverse shear was resisted by foundation bolts. The 
transferring of wind stress from the end of the anchor 
arm to the top strut of the wind bent was finally accom- 
plished by means of a tenon girder which had a roller 
bearing against the top strut of the wind bent, and could 
move in any direction, whether the movement was caused 
by temperature or by change in the loading of the 
bridge. 

The lengths of all stringers were determined by calcu- 
lating the length of the chords for all the different ways 
of loading and finding the lengths of stringers according 
to their elevation between chords. These stringer lengths 
were fixed so as to give the least bending in the floor- 
beams. The result was that every other panel had an 
expansion joint. At expansion joints the railway string- 
ers only were fast to the floorbeams on one side, while 
all other stringers were slightly loose, so that the bending 
of the floorbeams could not take place in the short dis- 
tance between the chords and the nearest stringer. 


The preliminary detail of all anchor-arm panel points 
was started at this time, commencing with the end bottom 
chord. All ribs of chords were so arranged as to divide 
each truss connection into two, three, four or five equal 
ribs. Though all main posts consisted of only two ribs, 
the ends had to be provided with four or more ribs for 
proper chord connection. 


Sub-posts and hangers were built of only two ribs 
throughout, but where they were connected to a four-rib 
detail each rib received a quarter of the stress in vertical 
and horizontal directions. Wherever additional ribs and 
posts were placed, all such connections fully provided for 
shear, chord stresses, etc. The bearing values on pins 
had been made 1% times the allowed stress, but this was 
ater changed to 1% times the allowed stress. Shear on 
pins was made 3% times the allowed’stress. The net sec- 
tion through the pinhole was made first 1% times and 
later 1.3 times the net section of the member, while the 
net section back of the pinholes was made 34 of that 
through the pinhole. In determining the net sections 
hrough pinholes not only were the rivets directly oppo- 
site the pin considered, but the placing of any rivets in 
such links was most carefully followed throughout. The 
net sections of all riveted tension members were found 
by assuming the rupture to take place through any 
diagonal line of rivet holes where the net section does 


not exceed by 30 per cent the net section of the trans- ° 


verse line. 

All panel points of the anchor-arm had been sketched 
out in the most studious way. Most points were shown 
¢iving several ways of making the connections until a 
final one had been selected. As these sheets showed not 
only every detail but all the calculation throughout, it 
was an easy matter for any draftsman to make final shop 
drawings from them in a most intelligent manner. 

When the details for the anchor-arm were completed 
and those for the cantilever-arm partially completed, the 
weights of all details were calculated by the computing 
department and the final anchor-arm stress sheets fur- 
nished. ; 

Before commencing the shop work’ on the anchor-arm 
a clear understanding with the erection department had 
to be arrived at as to where the field splices had to be 
finally placed. As an overhead traveler, running on 
falsework and straddling both anchor-arm trusses was 
the erection problem of the anchor-arm 
was simplified as far as the office work was conéerned. 

Before any shop drawing of the larger pieces could be 
made, sketches giving the extreme dimensions, weight, 
etc., had to be made for the different railroad companies. 
This took considerable time, as these companies had not 
only to determine if these large pieces could be shipped 
over their own lines, but if they could be shipped 
the whole distance from shop to bridge site. Such 
sketches were, in many cases, quite extensive drawings 
requiring much time in the office for preparation and often 
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showing special beams, struts, castings, pins, ete., to rig 
up cars, without reference at all to the work in this 
line usually done by the shipping department. 


The normal condition of the truss shape had been fixed 
for the position of the live load giving practically the 
maximum uplift and all cambers were derived from it. 
All angles and abutting splices were figured for this po- 
sition so as to be sure that under full loading any extra 
initial stress would equal zero. 


Pinholes for 10%, 12 and 14-in. pins were bored 3/64 
in. larger than size of pin. Pinholes for 24-in. pins were 
bored 1/16 in, larger than size of pin. Pinholes for 
7 11/16-in. pins were bored 1/32 in. larger than size of 
pin. Pinholes for 2 5/16-in. pins were.bored 1/50 in. ~ 
larger than size of pin. 


In determining the length of eyebars the first correc- 
tion was for camber, the second for permanent set, the 
third correction was on account of play in pinholes, 
and in eyebars placed skew the fourth correction was for 
skew. The permanent set in the eyebars was determined 
by a series of tests. The correctian for permanent set 
in anchor eyebars was 3/64 in. per head, while for the 
rest of the bridge 1/32 in. only was used, as the eyebars 
were finally made of a higher ultimate steel. The cor- 
rection in built lengths was 1/32 in. for each eye. 


All rivets were determined by these values: For shop 
rivets, 1.5 times allowed stress for bearing value; 0.75 
time allowed stress for shear. For field rivets, 1.1 
times the allowed stress for bearing value; 0.55 time the 
allowed stress for shear. 


In getting out the shop drawings only a small force 
of expert draftsmen was selected at first and the number 
was gradually increased. It required three years to 
complete the office work. It was thought best not to 
subdivide the work among different assistant engineers, 
but to give one man full charge from beginning to end. 
All drawings were prepared under his direction, and 
whenever a drawing was completed it was examined by 
him carefully in regard to lengths, sizes, strength of all 
details, notes for shops, inspectors and transportation. 
It was only then that these drawings were forwarded in 
duplicate to the consulting engineer for his approval. 
If approved, seven additional prints of complete, checked 
drawings were sent to the consulting engineer for his 
approval and six copies were returned by him to the 
bridge company, who sent five copies to the chief engineer 
of the Quebec Bridge Co. The Phoenix Bridge Co. re- 
ceived one print back approved by the Dominion Govern- 
ment. The drawings were made in such a manner that 
all information necessary for the proper execution of 
the work in the shop was given, as clearances, notes ex- 
plaining any peculiar detail or calling attention to all im- 
portant dimensions regarding width, depth, etc., and 
information for the sole use of inspectors. 

At no time during the progress of the office work were 
more than 18 men working upon it at a time. If twice 
that number had been employed the result would have 
been the same. The rate of progress depended upon the 
rapidity with which the person in charge performed ‘his 
work. 


Testimony of David Reeves. 


« Mr. Reeves testified that he was the president of the 
Phenix Bridge Co., which is an engineering and con- 
tracting concern, and of the Phenix Iron Works, which 
manufactures the structural work for the former com- 
pany. When the work began he believed the appointment 
by the Quebec Bridge Co. of Theodore Cooper as con- 
sulting engineer assured the success of the undertaking. 
Mr. Cooper insisted upon having the final authority over 
his colleagues, and Mr. Reeves regarded his approval of 
the detailed drawings as of the highest importance. Mr. 
Cooper was in the shops but twice, only once saw any of 
the finished bridge members and was never at the bridge 
site at all after erection started. But his inspectors and 
the Phcenix inspectors, working independently as checks 
upon each other, did not use their usual discretion, but 
reported every error, however slight, directly to Mr. 
Cooper for his information and approval. This probably 
caused Mr. Cooper to magnify their importance and to 
believe an unusual number of errors had been made, 
which is not true. 

The erection of this bridge was an important under- 
taking, and every precaution was taken to avoid unneces- 
sary risks and our whole organization was impressed with 
this idea. When the compression chord members began 
to yield at several places one after another and the whole 
bridge was on the verge of collapse, as afterwards de- 
veloped, the Phoenix staff at the bridge site observed -the 
signs, and acted promptly and efficiently. They calcu- 
lated correctly the stresses on the several members, and 
decided that failure from such stresses was impossible. 
When reported to Mr. Cooper he foresaw no immediate 
danger, and the same was true at the office of the engi- 
neers at Pheenixville. 

In respect to the sections of the compression members 
as built for the Quebec bridge, Mr. Reeves said that it 
was not to the intérest of the Phcenix Bridge Co. to re- 
strict their area or weight, but that in a commercial way 
it was largely to its interest to increase the sections, and 
the size and weight of the bracing. The contract being 


Marcu 14, 1908. 


not for a lump sum but by the pound, any increase of 
metal would have been to his company’s advantage. It 
was imperative from the point of view of good engineer- 
ing not to make the weight or price of the bridge any 
more than was demanded by the best practice. The con- 
sulting engineer in the interest of his clients was supreme 
in this respect. 

Mr. Cooper made modifications in the unit stresses for 
various members which much increased them beyond any 
precedent, and by so doing placed the whole design in a 
field outside the benefit of experience.. Such high stresses 
had never before been used, and in using them he acted 
with the authority of the Quebec Bridge Co. and the 
Dominion of Canada vested in him. The fall of the 
bridge is to be laid directly to the change in the unit 
stresses made by Mr. Cooper. ‘Some increase of weight, 
especially in certain compression members, was requisite, 
and the Phenix Bridge Co. called this to the attention of 
the consulting engineer. Mr. Cooper refused to allow 
any increase in these members. 


Testimony of Frank P. Norris. 


Mr. Norris testified he was manager of the Phenix 
Iron Co., in charge of the production of the material for 
the Quebec bridge. When the formal contract for the 
bridge was signed on June 19, 1903, the necessary ex- 
tensions to the plant and equipment, costing from $225,000 
to $250,000, were immediately started. The first working 
drawings were received at the shops on June 1, 1904, but 
orders for the steel had been received several days be- 
fere. Work began on the fabrication on June 24, 1904. 
All the shapes for the bridge were rolled in the Phenix 
works; the plates were furnished by the Central Iron & 
Steel Co. and the pin material by the Bethlehem Steel 
Co. 

After the members were riveted, they were laid out by 
the shop superintendent or his assistant before facing 
them in rotary planers or putting them in the boring 
mills, and were checked after each cut. In many cases 
the work was checked by the inspectors of the Quebec 
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Bridge Co. and always by those of the Phenix Bridge 
Co. Mr. Norris made a strong plea that the best shop 
inspectors obtainable should be placed on the work. The 
consulting engineer stated distinctly that he would not 
have the inspection done by an inspecting firm, as he 
wanted men of his own selection who should have no 
duties but to be right on this work all the tinfe. This 
met with Mr. Norris’s ideas exactly, except that the con- 
sulting engineer stated that he wanted young men just 
out of college who, being without any practical experi- 
ence, would be trained according to his own ideas. The 
officials of the company protested against this strongly, 
and finally Mr. Edwards, a man with some 20 years’ ex- 
perience, was appointed chief shop inspector, and later 
Mr. Meeser, another experienced inspector, was appointed 
to assist him. Mr. McLure also spent considerable time 
assisting Mr. Edwards with the shop inspection before 
taking up his duties as inspector of erection. Mr. Mc- 
Lure also spent the winter months assisting with shop 
inspection. 


Testimony of E. L. Edwards. 


Mr. Edwards testified that he was chief inspector of 
the Quebec Bridge & Railway Co. at the shops. On the 
advice of the consulting engineer he conferred with Mr. 
Szlapka regarding minor errors before the shop was al- 
lowed to remedy them. Every error he considered im- 
portant was referred to Mr. Cooper and his instructions 
were carried out implicitly. Members for the south side 
were always remedied promptly. 


With respect to the shop work, it was his opinion that 
the limits to which it was practicable to straighten the 
ribs of the bottom chord members depended on their 
thickness and the nature of the bend. If the bend was 
a long curve it was a comparatively easy matter to take 
out a 3 to 4-in. bend, but if the bend was a short kink 
this would be a different proposition and could only be 
decided by the case at issue. There were no chords on 
the Quebec bridge where it was necessary to remove any 
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short or sharp kinks. always removed 
before milling. 

In matching consecutive chord members the web plates 
might vary in thickness and angles were not always true, 
but it was tried to have the ribs absolutely the correct 
distance apart from top to bottom at ends of chords. He 
occasionally allowed as much as 1/16 in.; he did not be- 
lieve it possible to secure greater accuracy than this 
where measurements were taken between rolled surfaces. 

From actual measurements it was learned that the 
accuracy of the milling done by the rotary planer for the 
larger members of the Quebec bridge varied from a true 
plane, where such variation occurred, from 1/64 to 1/32 
in. A main post section was found to be out of true 
3/64 in. at one corner, but the fact of the bearing surface 
being great and the unevenness in question being small 
at one point only, Mr. Edwards deemed it advisable to 
accept the member, believing that when the weight of the 
other post sections was on there would be perfect contact. 

In the tests for accuracy, the facing was first tested 
with steel straightedge. Dimensions from the faced end 
to the center of the pin holes were taken by means of a 
standardized tape secured at one end of the member by 
a stop and supported at points the entire length of the 
piece. To determine the exact center of the pin hole, a 
circular leaden disk was held in place by three set screws 
and the exact center was established from four points on 
the bored surface of pin hole. A spring balance was 
attached to the tape and 12-lb. tension used in all cases. 
In measuring distances less than 15 ft. between centers 
of pin holes, the centers above described were put in, but 
trammel points were used to check distances in place of 
the tape. Cast iron gauges about 6 ft. long were put in 
all pin holes. Care was taken to see not only that the 
pin would enter the hole without difficulty when the mem- 
ber was erected in the field, but that the allowed clear- 
ance between the pin and hole was not exceeded. 

While all holes for splice-plate connections were drilled 
from, iron template, the dimensions between the holes 
were always all carefully measured, and in fact this was 
done in the case of all open holes. 


Long bends were 


APPENDIX 5.—THE EFFECT OF FINANCIAL LIMITATIONS UPON THE DESIGN 
OF THE BRIDGE AND A DISCUSSION OF THE EVIDENCE 


RELATING 


The fact that the carrying out of the bridge project 
was for years delayed by lack of funds, being a matter of 
common knowledge, it was desirable to investigate the 
effect of this condition upon the design and execution of 


_ the work. 
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Mr.’ Cooper has stated that ‘“‘during the early progress 
of the work it was an open secret that the Quebec Bridge 
Co. had but a small amount of money in sight.” 

In proof of this statement reference may be made to 
the following facts: 

Between 1887 and 1898 the Quebec Bridge Co. accom- 
plished practically nothing. 

In 1900 it let the contract for the substructure, pay- 
ment to be made partly out of subsidies and partly in 
bonds of the company, to be accepted at 60 per cent. of 
the face value, and offered its superstructure contract on 
similar terms. 

In 1900 its securities were thoroughly investigated by 
the leading firms of American bankers, who declined to 
invest in them. 

The Phoenix Bridge Co. was paid for the construction 
of the approach spans not by the Quebec Bridge Co., 
which ordered them, but by Mr. M. P. Davis. 


It must have been clear to the engineers from the first 
that the financial conditions were such that nothing but 
absolutely necessary work could be undertaken. 


The effect of the lack of funds is noticeable in the 
methods of calling for tenders, and of letting contracts, 
and in the phils that occurred in the execution of the 
work. 


In September, 1898, the bridge contracting firms were 
asked to submit tenders upon their own designs, to be 
drawn in accordance with certain specifications. Practi- 
cally this meant that each bridge company was asked to 
spend several thousand dollars on the preparation of 
plans, and that in return it was given an opportunity to 
bid for a contract to be let by a company of weak finan- 
cial standing. The result was that, although the magni- 
tude of the work placed it outside the limits of established 
practice, most of the tenders submitted were made from 
immature studies based upon insufficient data. The evi- 
dence shows that the Phoenix Bridge Co. gave more time 
and attention to the competition than any other tenderer, 
but the error afterwards made by it in assuming the 
weight of the structure for final designs shows how faulty . 
the estimate accompanying its original tender was. We 
consider that the procedure adopted in calling tor tenders 
was not satisfactory, in view of the magnitude of the 
_ work, and was not ealeulated to produce the most efficient 
results. Hee : 
In = evidence ‘Mr. nares ascribes the failure of the 
, TO oa gabe of the lump sum 
to lack of funds. We 
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are satisfiel from the knowledge gained during the de- 
signing of the 1,800-ft. span, that the 1,600-ft. span could 
not have been built with the weight of metal stated in 
the tender of March 1, 1899. Mr. Deans’ letter to Mr. 
Hoare shows, that the Phoenix Bridge Co. expected that 
its tender would be modified before the work was built. 
The letter is as follows: * 

(Personal and Private.) April 14, 1899. 

Mr. E. A. Hoare, ‘ 
Chief Engineer, Quebec Bridge Co., 
Quebec, Quebec. 
Dear Mr. Hoare: 

-Mr. Szlapka and I were with Mr. Cooper the greater 
part of yesterday, and you will be glad to learn there 
was not a single vital or important criticism or mistake 
to be found in our plans. All the slight differences, such 
as dead load, anchor arms, reverse stresses, in one or two 
members, thickness of some detail plates, etc., were all 
thoroughly discussed and satisfactorily settled, and not a 
single one would affect in any way our price or our 
proposition. It was especially gratifying for us to learn 
this. 

Mr. Cooper, however, somewhat upset me, by making 
the following remark, which, of course, I understood was 
entirely personal and without any full knowledge of the 
situation. He said: ‘‘Well, Deans, I believe that all of 
the bids will probably overrun the amount which the 
Quebec Bridge Co. can raise and that the result will be, 
as is usually the case, that all of the bids will be thrown 
out and a new tender asked on revised specifications and 
plans.” 

I told Mr. Cooper that, while this might be the usual 
procedure, that in the present case it was distinctly un- 
derstood that whoever was the lowest bidder under the 
present specifications and plans would be awarded the 
work, and if any modification were made their bid would 
be altered accordingly, as this could readily be done 
through a conference with the bridge company’s engineers 
and ourselves; as we could undoubtedly build as cheap a 
structure as any other company and that unless this 
plan was carried out as understood and agreed upon, the 
present bidders would be placed in a very unfair position 
after the expenditure of great time and expense. 

I finally succeeded in convincing Mr. Cooper that this 
was the only fair method, but I think it will take the 
greatest care on your part to see that his report is not 
worded in such a way as to give the directors an oppor- 
tunity of following this suggestion. Mr, Cooper undoubt- 
edly desires to be perfectly fair, but, not having been 
through this whole matter like ourselves, does not fully 
understand the situation. I trust therefore that you will 
give his report the most careful scrutiny and get it in 
the right shape before it is submitted, as far as this sug- 


gestion is concerned. It would simply be just what our 
competitors, and particularly the Dominion Bridge Co., 
would like, or the Union Bridge Co., in fact, and I shall 
be much interested to hear from you on this point, 

You have not advised me to whom [I shall send the re- 
vised price, including delivery of the material from 
Quebec and Levis to site. 

Mr. Lindenthal and I have an appointment with Mr. 
Cooper next Tuesday to discuss ‘the suspension plan. 

Kindly advise me when you will desire the revised 
propositions of the suspension design. 

I remain, 
Yours truly, 
Jno. STERLING DEANS. 


We desire to draw attention to this letter, because it in- 
dicates that the contract was subsequently awarded on 
the result of this competition; the basis of the award 
being a lump sum tender, which could not have been 
accepted without modifications. 


These errors we ascribe to failure on the part of the 
Quebec Bridge Co. to provide for sufficient preliminary 
studies of the project by its own engineers. It should 
also be noted that in the opinion of Mr. Cooper the 
preliminary surveys from which the main spans and the 
position of foundation piers, etc., were first determined 
were entirely insufficient; further examinations and bor- 
ings were made on his advice and resulted in radical 
alterations in the design. 


In April, 1900, the Phoenix Bridge Co. undertook to 
complete the plans for the bridge with all possible speed. 
In May, 1900, the Quebec Bridge Co., on the advice of 
its consulting engineer, determined to adopt a main span 
of 1,800 ft. and tacitly approved alterations of the specifi- 
cations. The contractors were ordered to proceed with 
the designing for the 1,800-ft. span, under the supervision 
of Messrs. Hoare and Cooper, but the new specifications, 
which had to be accepted and officially approved by the 
Canadian Government, were not issued until the summer 
of 1903. This delay of three years seems to have oc- 
curred with the mutual consent of the Quebec Bridge Co. 
and the Phoenix Bridge Co. The Quebec Bridge Co. 
was not in a position to pay for the work and did not 
demand that the designing be proceeded with, nor did 
it furnish the necessary data for the designing. The 
Phoenix Bridge Co. was occupied with other contracts 
and did not make any further expenditures on behalf of 
the Quebec Bridge Co. until the financial- position was 
assured. 

When the Dominion Government finally came to be 
more closely identified with the Quebec Bridge Co., in 
1903, it intimated unofficially to the Phoenix Bridge Co. 
its desire that the bridge should be ready for the Quebec 
Tercentenary, in 1908. For this and for ordinary business 
reasons the Phoenix Bridge Co. hurried the work of de- 
signing and manufacture as much as possible, this hurry 
resulting in errors, but not in those errors which were 
the immediate cause of the accident, these having been 
previously made. It is necessary in designing a bridge 
to commence by assuming what its weight will be, and 
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as the design progresses to alter this assumption by cal- 
culation from the drawings. In the rush following the 
final financial arrangements of 1903, the necessity of re- 
vising the assumed weights was overlooked both by the 
engineers of the Phoenix Bridge Co. and by those of the 
Quebec Bridge Co., with the result that the bridge mem- 
bers would have been considerably overstressed after com- 
pletion, This error was sufficient to have condemned the 
bridge had it not fallen owing to other causes. 

During the period occupied in the development of the 
details of the design, the designing engineer and his staff 
were absorbed in the preparation of detail plans, and this 
resulted in the slighting of matters of primary impor- 
tance. 

Under the circumstances this condition was unavoidable, 
but could have been improved had the time between 
April, 1900, and August, 1903, been used in consideration 
and preparation of designs; however; business matters 
were in such shape that the Phoenix Bridge Co. were 
not warranted in expending time and money in this di- 
rection. 

It is also proper to inquire whether the.engineers modi- 
fied their designs, to the injury of the bridge, on account 
of the financial conditions. 

The importance of economy in the preparation of the 
first tenders is shown by the letter already quoted. 

The tenders, however, had to conform to the original 
specifications, and there is no eyidence of unwise economy 
in the provisions of these. 

Mr. Cooper’s attitude with regard to cost, while he 
was examining. the plans and tenders, is shown by the 
following letter: 


(Personal.) April 19, 1899. 
E. A. Hoare, Esq., 
Chief Engr., Quebec Bridge Co., 


Quebec, Quebec. 


DEAR Mr. Hoare: 

I spent most of yesterday in New York in consultation 
with Mr. Cooper and Mr. Lindenthal, and found that Mr. 
Cooper had no serious complaints to make in connection 
with Mr. Lindenthal’s plan; in fact, he expressed himself 
as much interested in the ingenious design. 

It developed, however, in conversation, and Mr. Cooper 
so expressed himself to Mr. Lindenthal, that, in view of 
the amount of the bid under his design, he would not give 
Mr. Lindenthal’s plan careful and detailed consideration 
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and would so report. This rather exasperated Mr. Lin- 
denthal, and for a time I feared he might withdraw his 
bid, but it was smoothed over, and I think will be per- 
mitted to stand. Mr, Lindenthal thought that Mr. Cooper 
should report solely and wholly on the merits of the 
several designs, without any regard to cost, and each de- 
sign should have the same careful consideration, and that 
you and your company alone should consider the question 
of price. I know this is entirely different from Mr. 
Cooper’s instructions, and that it would be useless to 
spend detailed investigations upon plans which are very 
expensive in price, but Mr. Lindenthal viewed the matter 
from an engineer’s standpoint, and, having taken such un- 
usual pains with the design and estimate, felt that he 
was in a measure being slighted. 

Mr. Cooper advises that he will finish about May 1. 

I think it of the utmost importance to see you some 
time before that date, and write to ask if you will not 
come to New York. Cooper also advised me that he had 
no authority to receive’ any revised bids for possible re- 
duction in suspension bridge wire, and I think this en- 
tirely proper. It seems to me, however, that you should 
have all of these bids in your hands at once, and I will be 
prepared to submit ours when you come to New York. 

Please let me know at once and by wire when you will 
be in New York. 

Yours truly, 


Jno. Srertinc Deans, 
Chief Engineer. 


In his report upon the competitive tenders submitted on 
June 23, 1899, Mr. Cooper. says: 

“The tender accompanying this plan (from the Phoenix 
Bridge Co.) is the lowest in price and is the most favor- 
able as to prospective duties upon the materials to be 
used in its construction. I therefore hereby conclude and 
report that the cantilever superstructure plan of the 
Phoenix Bridge Co. is the “‘best and cheapest’’ plan and 
proposal of those submitted to me for examination and 
report.” 

There is no evidence whatever to indicate that economy 
at the expense of efficiency was ever considered by Mr. 
Cooper. His award was made distinctly to the lowest 
tenderer and he so states, but in the preceding paragraphs 
the accepted design is stated to be “‘an exceedingly credit- 
able plan” and “in accordance with your specifications.” 

The full text of the report and Mr. Cooper’s evidence 
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show that his award was made for technical reasons, al- 
though he did not overlook costs; and he states that he 
was left absolutely unhampered in any manner in his 
report as to which he should consider the best plan and 
the best bridge. 

In a memorandum accompanying his original report Mr. 
Cooper indicated his desire to alter the specifications and 
to reconsider the length of the main span as soon as 
proper foundation surveys could be made. 

These changes were subsequently made, but it does not 
appear that economy was the ruling factor in his selec- 
tions. He unquestionably increased the unit’stresses, but 
not to a point beyond those already adopted by the Bridge 
Department of the City of New York for its great bridges, 
and the increase can be stated to be in harmony with the 
most advanced practice of that time and due more to an 
instinct of wise investment than to any endeavor to sim- 
ply cheapen the structure. The wisdom of his modifica- 
tions is discussed in Appendix 18. 

In his evidence Mr. Cooper has outlined his intentions 
in making his alterations, and a desire not to involve the 
Quebec Bridge Co. in a greater expenditure than was at 
first anticipated is given among them; but on the same 
page it is sharply stated that he would not recommend 
any plans that did not promise to give a safe and satis- 
factory structure. 

The facts that have been discussed in this appendix 
show that, while there is no evidence of any cheap and 
insufficient work being purposely done by either Mr. 
Cooper or the Phoenix Bridge Co., there is evidence to 
prove that the financial weakness of the Quebec Bridge Co. 
seriously interfered with the carrying out of the under- 
taking. 

The Phoenix Bridge Co. were limited only by the speci- 
fications as amended by Mr. Cooper, endorsed by the 
government and concurred in by themselves, and no sum 
of money or total weight was set as a limit in the design- 
ing or building of the superstructure, the sole aim of all 
being to produce a safe and economical bridge. 

The Phoenix Bridge Company were paid for the work 


at so much per pound, so there was no incentive to the | 


Phoenix Bridge Co. to make the bridge lighter than they 
deemed it should be. os 
(Signed) Henry Horearte, ‘Chairman; 
J. -G..G. Kerry, 
J. GALBRAITH. 


APPENDIX 6.—THE HISTORY OF THE DEVELOPMENT OF THE SPECIFICATIONS 
AND A DISCUSSION OF THE EVIDENCE RELATING TO IT. 


During the summer of 1898, Mr. E. A. Hoare, acting in 
his capacity of chief engineer of the Quebec Bridge Co., 
prepared the first set of specifications for the construction 
of the bridge. On July 2, 1898, Mr. Hoare was instructed 
by resolution of the board of directors of his company to 
communicate with Mr, Collingwood Schreiber, the deputy 
minister and chief engineer of the Department of Rail- 
ways and Canals, so that a set of specifications would be 
secured that would be satisfactory both to the govern- 
ment and to the Quebec Bridge Co. On direction of 
Mr. Schreiber, Mr. Hoare submitted his draft specifica- 
tions to Mr. R. C, Douglas, the bridge engineer of. the 
department, for criticism. 


Mr. Douglas states in his evidence that he read over 
the specifications with Mr. Hoare, but did not suggest any 
alterations in them, because Mr. Hoare met his objections 
by explaining that the specifications would be used only 
in connection with preliminary competitive tenders and 
not for the construction of the bridge. He made no 
official report upon them. 


These specifications are, as stated by Mr. Douglas, 
mainly a direct copy from the general specifications for 
steel and iron bridges issued by the Department of Rail- 
ways and Canals in 1896. An examination bears out Mr. 
Cooper’s statement that they were not drawn by anyone 
having the magnitude of this bridge structure in his mind, 


On Aug. 31, 1898, Mr. Schreiber, by letter, notified the 
Quebec Bridge Co. that Mr. Hoare’s specifications had 
been approved. 


They were printed on order of the Quebec Bridge Co. 
over date of Sept. 1, 1898, and a copy of them was sent 
out with each of the invitations to tender mailed to bridge 
contractors in September, 1898. , 


On Nov. 12, 1900, a subsidy agreement, No. 13988, was 
made between the Government of Canada and the Quebec 
Bridge Co., by which, on certain conditions, assistance 
to the amount of $1,000,000 was promised to the Quebec 
Bridge Co. The Hoare specifications were made a part 
of this agreement with one alteration, viz.: the length of 
the main span was made 1,800 feet instead of 1,600 feet, 
the Quebec Bridge Co. having officially decided on the 
longer span on May 5, 1900. There is no evidence to 
show that these specifications were reconsidered at this 
time by the technical advisers of the government. 


The original specifications were not used in the design 
of the approach spans which was made in 1901-2, altera- 
tions being made to meet the wishes of Mr. Douglas, 
whose approval was required by the deputy minister and 


chief engineer before payments on subsidy account could 
be authorized. 


Mr. Cooper, in a memorandum accompanying his orig- 
inal report-of June 23, 1899, indicated that he thought 
the specifications could be modified with considerable ad- 
vantage to the interests of the company. On May 1, 1900, 
Mr. Cooper recommended to the company the adoption of 
the 1,800-ft. main span, his recommendation being de- 
pendent upon the use of certain alterations in the specifi- 
cations which were, in his opinion, desirable and justifi- 
able. In a letter of even date to the Hon. S. N. Parent 
he suggests that he “‘be instructed to make such modifica- 
tions in the adopted competitive plan when adapted to 
the new lengths, as may tend to reduce the cost without 
reducing the carrying capacity or the stability of the 
structure.”* 


On May 6, 1900, the board of directors of the Quebec 
Bridge Co. directed its engineers (Messrs. Cooper and 
Hoare) to instruct the contractors (The Phoenix Bridge 
Co.) to prepare plans using the 1,800-ft. span recom- 
mended by Mr. Cooper. No active effort was made by the 
officials of either company to carry out these instructions, 
and the amendments to the specifications, which had to be 
formally approved by the government before the plans 
could be commenced, were not actively discussed until 
May, 1903. The delay was due to financial reasons, no 
one knowing when the work would proceed. 


The National Transcontinental Ry. project, which was 
made public in the spring of 1903, was so planned that 
a bridge near Quebec would be a national necessity and 
legislation involving a guarantee by the government of 
the securities of the Quebec Bridge Co. was proposed. 
With the improved financial outlook, the activity of the 
engineers and contractors was renewed. Mr. Cooper pre- 
pared his amendments to the original specifications and 
sent them to Mr. Szlapka, the designing engineer of the 
Phoenix Bridge Co., for his information and criticism. 
Mr. Szlapka criticised the draft and returned it to Mr. 
Cooper, after having taken a copy of it, on May 20, 1903. 
The comments in his letter show that he had carefully 
considered the purport of the amendments. Mr. Deans, 
returning from Ottawa, wrote to Mr. Cooper on May 22, 
1903, as follows: ‘‘I was requested by the Ottawa officials 
to urge upon you to act,as promptly as possible in the 
matter of completing the specifications and to forward 
the same to Mr. Hoare without delay. There is urgent 
necessity of their taking prompt action.” 

On May 28, 1903, Mr. Deans wrote to Mr. Cooper 
suggesting some alterations in his draft for the amend- 


ments, one of which appears in the preface to Mr. 
Coopez’s draft of June 2, 1903. Mr. Cooper completed 
his draft of the amendments and forwarded it to Mr. 
Hoare, accompanied by a memorandum dated June 2, 
1903. A copy of the papers was sent also to Mr. 
Deans, 


Mr. Deans, under date of June 4, 1903, acknowledged 
‘the receipt of these papers and expressed the hope that 


“we will soon hear that these specifications have been 
approved by the government.” 


On June 16, 1903, Mr. Szlapka, at the request of Mr. 
Deans, sent to Mr. Hoare two sheets of calculations com- 
paring the stresses permitted under the Hoare specifica- 
tions with those permitted by the Cooper amendments. 
In the accompanying letter he stated: “With figures given 
I hope you will be able to see that the difference between 
the two specifications is very immaterial. Where the new 
specifications give smaller sections than your specifications, 
it will be found during actual final computations that, 
owing to the magnitude of the structure and consequently 
the very large dead load, as compared with the live load, 
the unit stresses selected are fully justified.’ On the 
sheets accompanying this letter the amendments are re- 
ferred to as the “Proposed Specifications of June, 1903. 
(Theo. Cooper and Phoenix Bridge Co.)’’ The officials 


of the Quebec Bridge Co. were therefore distinctly ad-. 


vised that both Mr, Cooper and the engineers of the 
Phoenix Bridge Co. considered the adoption of the 
amendments entirely desirable. 


Owing to the terms of the subsidy agreement of Nov. 
12, 1900, it was necessary to have these amendments ap- 
proved by the government, and they were accordingly 
transmitted to Mr. Schreiber by the Quebec Bridge Co. 
Mr. Schreiber handed the papers to Mr. Douglas for re- 
port shortly after they reached his office, and an July 9, 
1903, Mr. Douglas made his report in writing. In it he 
advised the adoption of many of Mr. Cooper’s suggestions, 
but criticised the high unit stresses that were proposed 
and the suggestion made in the memorandum as to using 
the bridge for heavier rolling loads than those specified in 
the amendments. He also advised that the Quebec Bridge 
Co, be required to submit new specifications and not 
merely amendments to the approved Hoare specifications. 


Wr. Douglas’ opposition was evidently anticipated, as 
will be seen by a letter from Mr. Hoare quoted in the 
evidence. On receipt of the report of July 9, 1903, Mr. 
Schreiber had to decide whether he would depend upon 
Mr. Cooper or upon Mr. Douglas for technical advice, and 
evidently decided in favor of the former, for, as stated 
in the evidence, Mr. Douglas from that date had no 
authoritative connection with the undertaking. 

Mr. Cooper’s intention in making these amendments 
was, as stated in the evidence, to rearrange the wind and 
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_ live loadings so that they would more nearly correspond 


to his own prediction of the actual loadings that would 
come upon the structure; and, accordingly, he decreased 
the wind load and increased the rolling live load: He was 
also of the opinion that the maximum stresses might 
safely be increased, and had recommended the 1,800-ft. 
span on the assumption that this increase would be per- 
_mitted. He was throughout impressed with the necessity 
of making his changes without adding to the financial 
demands on the resources of the company. 

Mr. Schreiber’s views are stated in a letter to Mr. 
Cooper under date of July, 1903, which reads as follows: 

“T have received from Mr. E. A. Hoare two memoranda 
made by you in respect of the plans of the superstructure 
of the Quebec bridge, suggesting certain modifications 
which you consider desirable. 

“Tnasmuch as the contract for this structure contains 
an express specification by which I am bound, I am unable, 
as matters stand, to sanction any deviation from it. 

as am, however, strongly impressed with the expediency, 
in order not to hinder the progress of the work of manu- 
facture, of permitting you certain latitude in the prepara- 
tion of the detail plans, even to the extent of adopting 
(with my own concurrence) such modifications as may 
appear proper; and, holding this view, I have asked that 
authority be given me by Order-in-Council which will 
enable me to act in that direction. 

“Nothing can, of course, be done until such order is 
passed, but on receipt of it I will communicate with you 
immediately.” 

Mr, Schreiber communicated with the Minister of Rail- 
ways and Canals, as indicated in the foregoing letter, on 
July 9, 1903, and his recommendations were transmitted 
by the Minister to,Council on July 18, 1903, and form 
the substance of the Order-in-Council of July 21, 1903. 
This order reads as follows: 

“Extract from a Report of the Committee of the Honorable 
the Privy Council, Approved by the Governor-General 
on July 21, 1903. 

“On a memorandum dated July 18, 1903, from the 
Minister of Railways and Canals, representing’ that a com- 
munication has been received from the chief engineer of 
the Department of Railways and Canals, in regard of the 
bridge across the River St. Lawrence, near Quebec, now 
in course of construction, reading as follows: 


“Office of the Deputy Minister and Chief Engineer, 
“Ottawa, Ont., July 9, 1903. 

“Sir—Certain questions are at present under considera- 
tion and discussion between Mr. Theodore Cooper, the 
consulting engineer of the Quebec Bridge Co., and myself, 
involving the expediency of adopting some slight modifica- 
tions of the specification for the superstructure of the 
bridge across the St. Lawrence River, now in course. of 
construction by that company, attached to the subsidy con- 
tract made with them; Mr. Cooper having prepared de- 
tailed plans and specifications of such superstructure which 
call for special consideration. 

“Mr, Cooper is a bridge engineer of high standing in 
New York, and a man of repute and reliability. He has 
made a very careful study of the necessities of this super- 
structure, which, I may say, was especially imperative in 
view of the unusual magnitude of the span and of the 
general design of the work. His modifications may there- 
fore reasonably be considered to be in the best interests of 
the work, and being engaged continuously upon the work 
during construction Mr. Cooper will be in the best posi- 
tion to note the requirements of the structure as the work 
progresses, 

“In a work of this character and magnitude it is highly 
important that no delay should arise from causes not ab- 
solutely unavoidable, to hinder the steady prosecution of 
construction, and there is reason to believe that the com- 
pany require immediate instructions to proceed. 

“In connection with the foregoing, I would suggest that 
the department be authorized to employ’ a competent 
bridge engineer to examine from time to time the detailed 
drawings of each part of the bridge as prepared, and to 
approve of or correct them as to him may seem necessary, 
“submitting them for final acceptance to the chief engineer 
of railways and canals. 

“T have the honor to be, sir, your obedient servant, 

(Signed) “CoLLINGWOOD SCHREIBER, 
“Chief Engineer. 


“oe Teas “Jones, Esa. ., Secy. Dept. Rys. 

Ottawa.” 

“The minister, recognizing the point urged by the chief 
engineer that there should be no hindrance thrown in the 
way of the parties engaged in the construction of the 
bridge superstructure, and considering that, under the cir- 
cumstances, the course suggested by him is the best that 
could be adopted for the avoidance of delay, recommends 
that authority be given for leaving the matter in the hands 


and Canals, 


of the chief engineer to the extent expressed in his com- 
_ munication, it to be understood that any action taken under 


his authority in respect of the said bridge shall be regarded 


and treated as ir no way a violation of the company’s 
“subsidy contract dated Nov. 


12, 1900, Which centract, if 
carried out in accordance with the decisions of the chief 
engineer and to his satisfaction, shall be deemed to have 
been properly fulfilled. 
Seine committee submit the same for approval. 
 “Joun J. McGrs, 

“Clerk of the Privy Council.” 


s 
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Mr. Schreiber’s principal recommendation was “that the 
department be authorized to employ a competent bridge 
engineer to examine from time to time the detail draw- 
ings of each part of the bridge as prepared, and to approve 
of or correct them as to him may seem necessary, submit- 
ting them for final acceptance to the chief engineer of 
railways and canals.” In other words, it was his intention 


_to place the final control of the bridge construction in 


the hands of a specially chosen bridge expert who would 
be an employee of the department, and who would report 
directly to the deputy minister. As soon as the Order-in- 
Council was passed, inquiry was commenced for a suitable 
engineer. 


The policy of Mr. Schreiber was not in accord with the 
wishes of the Quebec Bridge Co. and its associates, and 
as soon as Mr. Cooper fully understood the deputy minis- 
ter’s plans he protested vigorously. His position is very 
clearly set forth in the following letter: 


“New York, July 31, 1903. 
“DEAR Mr. Hoare: 

“J am in receipt of papers from Mr. Schreiber which 
surprise me. He is to select an engineer in New York 
who will examine from time to time the plans, approve or 
correct the same as to him may seem necessary, etc. 

“This puts me in the position of a subordinate, which I 
cannot accept, 

“Tt does not relieve the situation a bit. 
gineer must either be given liberty to.do what he thinks 
best or he must have the very instructions which I have 
sought, stating to what extent there may be modifica- 
tions from the original specifications, if any are to be 
allowed. 

“In either case he becomes the engineer in whom trust 
and confidence are reposed. 

“Tt seems to me a very simple matter for the chief 
engineer of railways and canals to decide that the ‘orig- 
inal specifications must be rigidly carried out,’ or that 
‘certain modifications are approved,’ or that ‘the company 
has perfect liberty to carry out the work to the best ad- 
vantage, provided the efficiency of the original contract be 
not reduced’—I would then know where I stand. 


» “Yours truly, 
(Signed) ““THEODORE COOPER.” 

“T have written to Mr. Schreiber that I do not see 
how such an engineer could facilitate the progress of the 
work or allow me to take any responsible steps inde- 
pendently of his consent.” 

On July 30, 1903, Mr. Cooper wrote to Mr. Deans ad- 
vising him of Mr. Schreiber’s programme and Mr. Deans 
intervened actively. The following letters show . very 
clearly that the Phoenix Bridge Co. heartily supported 
Mr. Cooper in his contention and that the Quebec Bridge 
Co. was in full sympathy with their views: 

“July 31, 1903. 
“TE. A, Hoare, Esq., 
“Chief Engineer, Quebec Bridge Co., 
“Quebec, Canada. 
“Dear Mr. Hoare: 


“TI was greatly exercised this morning upon receiving a 
letter from Mr. Cooper, under date of July 30, stating that 
he had received from Mr. Schreiber copy of the Order-in- 
Council and also a letter from Mr. Schreiber. In this 
letter Mr. Schreiber states that he has asked for authority 
to employ a competent bridge engineer to examine from 
time to time the detail drawings of each part of the 
bridge as prepared and to approve of or correct them 
as to him may seem necessary, submitting these for final 
acceptance to the chief engineer of railways and canals. 
Mr. Schreiber further says: ‘I have not yet named an 
engineer in New York to consult with you, but will do 
so without unnecessary delay, and in the meantime 1 
think you may safely go to work on the plans.’ 

“The seriousness of this action I have not the least 
doubt you will appreciate immediately. It leaves the 
entire matter ‘up in the air’? and much worse than the 
condition we were all trying to avoid—which was to save 
most important time, and that when Cooper once approved 
our designs and details it would be final and accepted by 
the department. This is why I understand you secured 
the Order-in-Council. It practically brings all matters to 
a standstill, as neither Mr. Cooper or ourselves would 


‘know where we stand until this new hand could be con- 


sulted with, and even. then we would only know as each 
plan was passed upon. 

“I cannot impress upon you too strongly the necessity 
of taking immediate action to stop any such pian as sug- 
gested by Mr. Schreiber. 

“When you consider that the entire feeling and action 
of Mr. Cooper’s was to save the Quebec Bridge Co. need- 
less expense, without the least sacrifice in the design or 
efficiency of the structure, it has certainly proven a thank- 
less task for all concerned, and unless this present action 
upon Mr. Schreiber’s part is immediately stopped the 
entire business will be in a worse condition than if it had 
been let entirely alone. 

“JT am trying to reach you by ’phone, as I appreciate 
the necessity of immediate action. 

“Yours truly, 
(Signed) “Jno. STERLING DEANS, 
“Chief Engineer.” 


Such an en 
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“Phoenixville, Pa., July 31, 1903. 
“THEODORE Cooper, Esq., 


“Consulting Engineer, 
“35 Broadway, New York, N. Y. 


“Dear Mr. Cooper: 


“To say that I was surprised by the contents of your 
letter of July go is putting it mildly. I am trying to 
reach Mr. Hoare by ’phone. In addition, I have wired 
him and also written a strong letter expressing my feeling 
in the matter. 

“The suggested action by Mr. Schreiber would place the 
business in a much worse condition than it was originally in. 
The ‘Order-in-Council’ was taken solely to save time and 
to have your approval of our details final and binding on , 
the government—it simply being necessary to have Mr. 
Schreiber’s signature as a matter of form. It has cer- 
tainly proven to be a thankless task so far, in trying to 
save the Quebec Bridge Co. a large amount of money, 
without in the least affecting the efficiency of the structure. 

“We, of course, agree with you that we are at a stand- 
still until this matter is settled, as certainly the matter 
of a new engineer is an uncertain quantity at present. 

“I cannot but believe that a trip to Quebec by yourself 
and myself would tend to clear the situation. 

“Yours truly, 
(Signed) “Jno, STERLING DEANS, 
“Chief Engineer.” 


“Phoenixville, Pa., Aug. 1, 
“Mr. THEO. Cooper, C, E., 
“35 Broadway, New York, N. Y. 


“DEAR Mr, Cooper: 


“T talked with Mr. Hoare over the ‘phone yesterday 
(the service was not very satisfactory), and also wired 
him two long messages, and have received his reply stat- 
ing that ‘he will take up the question with parties at 
Ottawa and that he would go ahead, and if anything turns 
up to cause trouble tell Cooper to let me know at once.” 
I have written him again and urged him to stop entirely 
this proposed plan and explaining that the sole purpose 
of the Order-in-Council was to give you the final authority 
to settle all details, the government approval being a mere 
formality, and in this way save time which was so valua- 
ble. I personally think it would have been much better 
to have had Douglas, as originally proposed, rather than 
to have the present plan carried out; but we must insist 
upon having the whole matter stopped. 

“Vours truly, 
(Signed) “Jno. STERLING DEANs, 
“Chief Engineer.” 


1903. 


(Telegram.) 
“FE. A, Hoare, Chief Engineer, 
“Quebec On (Bridge) Co., 
“Quebec, Canada. 


“JT found Cooper had written and wired you and feels 
much more strongly than I do the serious result of any 
such action. It would be disastrous to have proposed 
appointment finally made. You and I should see Schreiber 
in Ottawa at once and come to some better understanding. 
As it now stands nothing can be done on plans. Answer 
to Phoenixville. 


“Aug. 3, 1903. 


(Signed) “Jno. STERLING DEaNns.” 


Mr. Cooper went to Ottawa and discussed the situation 
with Mr. Schreiber, who, as a result of this conference, 
made a further recommendation to the under 
date of Aug. 13, 1903. This recommendation is embodied 
in the Order-in-Council passed on Aug. 15, 1903. 

The text of this Order-in-Council is as follows: 


minister 


“Extract from a Report of a Committee of the Honorable 
the Privy Council, Approved by His Excellency on 
Aug. 15,, 1903. 

“On a memorandum dated Aug. 13, 1903, from the 
minister of railways and canals, representing that by an 
Order-in-Council of July 21, 1903, authority was given, 
in accordance with a suggestion made by the chief en- 
gineer of the Department of Railways and Canals, for the 
employment of a competent bridge engineer to examine, 
from time to time, detail drawings of the superstructure 
of the bridge across the River St. Lawrence, near Quebec, 
now in course of construction, in view of certain modifica- 
tions suggested by the consulting engineer of the bridge 
company; the said plans to be submitted, for final accept- 
ance, to the chief engineer of the Department of Railways 
and Canals. 

“The minister further represents that the chief engineer 
has this day reported, stating that, as the result of the 
personal interview had with the company’s consulting en- 
gineer, he would advise that, provided the efficiency of 
the structure be fully maintained up to that defined in 
the original specifications attached to the company's con- 
tract, the new loadings proposed by their consulting en- 
gineer be accepted; all detail parts of the structure to be, 
however,.as efficient for their particular function as the 
main members for theirs, the efficiency of all such details 
to be determined by the principles governing the best 
modern practice, and by the experience gained through 
actual test; all plans to be submitted to the chief engineer, 
and until his approval has been given, not to be adopted 
for the work. 


> 
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“The minister recommends that authority be given for 
following the course so advised by the chief engineer, the 
Order-in-Council of July 21 last to be modified accordingly. 

“The committee submit the same for approval. 

“Joun J. McGEs, 
“Clerk of the Privy Council.” 


Mr. Cooper’s interpretation of the Order-in-Council of 
Aug. 15 was that it gave him an absolutely free hand, 
provided efficiency was maintained up to the standard of 
the specifications attached to the subsidy contract. 

Necessarily throughout the development of the design of 
the structure cases would arise when further modifications 
of the written specifications would appear desirable. Such 
cases did arise, and were met from time to time by Mr. 
Cooper. In stich cases he proceeded according to his in- 
terpretation of the Order-in-Council, and did not submit 
further opinions to the government engineers for approval. 

In this connection, Mr. Schreiber differs from Mr. 
Cooper, as the following extract from his evidence shows: 

Q. Considering the relation of Mr. Cooper to the Quebec 
Bridge & Railway Co. and your opinion of Mr. Cooper’s 
ability and the relation of the government with the Quebec 
Bridge & Railway Co., would you consider that Mr. Cooper 
would have the power or authority to amend the specifica- 
tions for the work from time to time as he might consider 
necessary or desirable, and would those amendments be 
tacitly accepted by all parties concerned? 

A. (Mr. Schreiber) No, I think not. They would have 
to be submitted to me and they would come before our 
bridge engineer—before the bridge engineer of the Depart- 
ment of Railways and Canals—before they would be 
accepted. 

Q. So that, unless we can find a formal acceptance of 
the changes or alterations made in the specifications, we 
would have to consider them as unauthorized? 

A. (Mr. Schreiber) Certainly. 

There is, however, no evidence to show that Mr. Schrei- 
ber even questioned any decision made by Mr. Cooper or 
in any way interfered with him. We consider that in this 
Mr. Cooper was acting, as he believed, in the best interests 
of the work. 

A copy of the Order-in-Council was sent to the Phoenix 
Bridge Co., so they were aware of its conditions, one of 
which was, “‘all plans to be submitted to the chief engineer 
(Mr. Schreiber), and until his approval has been given 
mot to be adopted for the work.” This condition also was 
embodied in explicit form in the contract between the 
Phoenix Bridge Co. and the Quebec Bridge Co., and yet, 
the engineer of the Phoenix Bridge Co., when asked, 
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“Did you consider the approval of the plans by the De- 
partment of Railways and Canals a condition precedent 
to the fabrication of the bridge,’’ answered “No.” 

The specifications thus officially amended by authority 
of Order-in-Council were transmitted to the Phoenix 
Bridge Co. When asked, “Did you fully concur in all 
the amendments made in the specifications, having in 
mind that. you were endeavoring to produce the best possi- 
ble bridge,” Mr. Szlapka, the designing engineer of the 
Phoenix Bridge Co., answered, “The amendments made in 
the specifications by Mr. Cooper were not subject to my 
approval.” 

The action of Mr. Schreiber at this time and subse- 
quently can only be explained on the assumption that he 
considered the Order-in-Council of Aug. 15, 1903, to be a 
direction to him to-place the responsibility for the building 
of the bridge entirely in Mr. Cooper’s hands. Mr. 
Cooper’s amendments were, according to Mr. Douglas’ 
evidence, accepted” and tised by the department in subse- 
quent examinations of plans, and Mr. Cooper’s signature 
was considered by the department practically as a final 
warrant of the sufficiency of the plans. 

That the proceedings of the department were irregular 
and that Mr. Cooper was assuming a degree of authority 
not in keeping with the wording of the Order-in-Council 
of Aug. 15, 1903, was clear to the Quebec Bridge Co., as 
the following letter shows: 
; “Quebec, May 27, 1907. 
“J. S. Deans, Esq., : ; 

“Chief Engineer Phoenix Bridge Co., 
“Phoenixville, Pa. 
“DEAR SIR: 

“In reply to your letter of the 24th inst., I am aware 
that you are doing everything that is possible to hasten 
the forwarding of the plans for approval by the govern- 
ment, except that much time might have been saved if 
Mr. Cooper had signed the tracings, instead of having to 
sign so many blue prints. 

“The signature of the consulting engineer does not com- 
ply with the government regulations. The Order-in- 
Council passed some years ago only authorized certain 
modifications in the specification and details from time to 
time, if found necessary. The obligations under contracts 
with the company end the government still remaining, viz.: 
that no work is to be proceeded with or estimates paid 
until the final plans have been passed through the various 
stages required by the government in the Department of 
Railways and Canals, This is the point they are object- 
ing to. Understand that it is not myself that is raising 
any question, but I am only endeavoring to bring you to 
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line with the contracts. The government has passed no 
Order-in-Council cancelling your obligation to have all 
your plans approved at Ottawa before any metal is fabri- 
cated. We are under very close investigation now. 
“Yours truly, : 
(Signed) “EB. A. Hoare.” 


It should be stated that the Quebec Bridge & Ry. Co. 
was throughout fully advised of what was being done in 
New York and Phoenixville and did not make any ob- 
jection to the authority. assumed by Mr. Cooper or 
to. the acceptance of that authority by the Phoenix Bridge 
Co., ‘notwithstanding provision to the contrary existing in 
the contract. This letter also indicates a more active 
supervision on ‘the part of the government than had 
previously been exercised. 


The Phoenix Bridge Co. was immediately. advised of the 
terms of the Order-in-Council of Aug. 15, 1903, but being 
fully aware of the arguments and influences that had 
brought about the enactment of that order, they con- 
cluded that it was intended to grant exactly what Hon. S. 
N. Parent had asked for in his letter of June 29, 1903. 


Mr. Deans and Mr, Szlapka in their evidence make it 
very clear that they considered Mr. Cooper’s pronounce- 
ments final and not liable to alteration either by the 
Quebec Bridge & Ry. Co. or by the Dominion Government. 

In the opinion of the Commission it is always desirable, 
when an entirely novel problem is to be solved, to have 
the advice of several engineers upon the unproven 
features of the design before attempting to execute it. 
Having accepted the government’s decision to depend upon 
the advice of only one man, the authorities acted therefore 
in accordance with the best knowledge of the time; and 
the most competent engineers would have endorsed the 
concentration of responsibility upon the most experienced 
and able man. 

In effect, after Aug. 15, 1903, instructions given by Mr. 
Theodore Cooper from time to time were the specifications. 
In the offices of the Phoenix Bridge Co. and in the works 
of the Phoenix Iron Co. the Hoare specifications as 
amended by. Mr. Cooper were recognized as official and 
were so used. (See evidence, Page 945 and Exhibits 99, 
100, 10% and 102.) It was recognized by these companies 
that Mr. Cooper had authority to alter any requirements 
of the specifications, and it is in evidence that this 
authority was not infrequently exercised. 


(Signed) Henry Ho.eate, 


Chairman. 
J. G. G. Kerry, 


J. Gacsrairn, 


APPENDIX 7.—A DESCRIPTION OF THE ORGANIZATION AND STAFFS MAINTAINED 
BY THE DIFFERENT CORPORATIONS INTERESTED IN THE 
ERECTION OF THE BRIDGE. 


There were four parties directly interested in the 
building of the bridge, viz.: The Canadian Government, 
the Quebec Bridge & Railway Co., the Phoenix Bridge 
Co., and the Phoenix Iron Co. Each had its own staff 
to take charge of the portions of the work in which it 
was interested. 

The Commissioners made the personal acquaintance of 
all the senior officials concerned, and discussed with each 
of them the duties he was called upon to perform. Evi- 
dence has been secured giving the previous experience 
of these men, their fitness for their several positions, and 
their duties. 

The Dominion Government \was represented by the 
Deputy Minister of the Department of Railways and 
Canals and his assistants; two Deputy Ministers and 
three Inspectors having been connected with the work. 

The Government’s interests are set forth clearly in 
the Subsidy Agreement of Nov. 12, 1900, and in the 
Guarantee Act of 1903, and throughout the work the 
Quebec Bridge & Railway Co. recognized its obligations 
to the Government by requiring its. contractors to do 
their work in such a manner, that it would be acceptable 
to the Government. 

Although the Deputy Minister of the Department was 
charged with the duty of examining the plans and speci- 
fications, all of which were subject to his approval, 
checking up the monthly estimates which were the basis 
for payments and exercising general oversight of the 
work up to the time of its final acceptance, in reality 
the whole responsibility for specifications, plans and 
construction was upon the officials of the Québec Bridge 
& Railway Co., its interests being identical with those of 
the Government, Mr. Cooper’s special qualifications having 
been officially recognized in the Orders-in-Council of 
July 2: and August 15, 1903. 

The issue at the time previous to the passing of the 
Order-in-Council of August 15, referred to, was whether 
Mr. Cooper’s approvals were to be subject to cancellation 
on the advice of an expert engineer employed by the 
department or not. By the Order-in-Council of Aug. 
15, 1903, the Government practically decided that Mr. 
Cooper’s decisions were to be final, and neither Mr. 
Schreiber nor his successor, Mr. “Butler, at any time 
interfered with his control of the technical features of 
the undertaking. Mr. Cooper’s understanding of the 
situation was the same, and this indicates clearly both 


the Government’s position and that of Mr. Cooper on this 
question. 

The Quebec Bridge & Railway Co. maintained in its 
service and employed on the work a chief engineer, a 
consulting engineer, two erection inspectors and four 
mill and shop inspectors. The Chief Engineer, Mr. E. A. 
Hoare, M. Inst. C. E.,-had an extensive experience as a 
railway engineer, and had done most of the company’s 
preliminary work. The record of his professional ex- 
perience will be found in full in his evidence. Mr. 


Hoare had a high reputation for integrity, good judg- 


ment and devotion to duty. From the standpoints of 
personal character and knowledge of Quebec and its 
people, no better man could have been found, and the 
evidence throughout shows that to the best of his ability 
the company was faithfully served. There is, however, 
nothing in Mr. Hoare’s record that would indicate that 
he had the technical knowledge to direct the work in all 
of its branches. 

The company’s directors do not seem to have realized 
the importance of the duties pertaining to Mr. Hoare’s 
position, and while believing that he was not competent 
to control the work they still gave him the position, the 
powers and emoluments of the office.of chief engineer. 

While we can only consider this as a mistake on the 
part of the Quebec Bridge & Railway Co., yet we regret 
to say that such appointments are by no means un- 


common, and it must be recognized tnat in many cases — 


good executive ability is valued more highly or con- 
sidered of more importance than special professional 
knowledge. 

Mr. Hoare personally considered that he was in general 
control of the construction and that everything was under 
his jurisdiction except the approval of plans; the evi- 
dence shows that he gave much personal time to the over- 
sight of the fabrication of the material, to inspection of 
the erection and the preparation of the estimates; it 
also shows that he lacked a comprehensive grasp of the 
work that was being done by the inspectors and that 
although his subordinates entertained the highest per- 
sonal regard for him they did not look to him for ad- 
vice when technical difficulties arose. 

Mr. Theodore Cooper, of New York, was the consult- 
ing engineer. In the extent of his experience and in 
reputation for integrity, professional judgment and 
acumen, Mr. Cooper had few equals on this continent, 

4 


ana his appointment would have been generally approved. 
Mr. Cooper’s strict duties were to examine, correct and 
approve the plans prepared by the contractors and to give 
engineering advice to Mr. Hoare when requested. Mr. 
Cooper and his chief assistant, Mr. Bernt Berger, carried 
on a most thorough and painstaking examination of the 
plans. Mr. Cooper appointed both shop and erection in- 
spectors for reasons explained in his evidence, and had 
these inspectors report fully and regularly to him. Mr. 
Cooper states that he greatly desired to build this. bridge 
as his final work, and he gave it careful attention. His 
professional standing was so high that his appointment 
left no further anxiety about the outcome in the minds 
of all most closely concerned. As the event proved, his 
connection with the work produced in general a false feel- 
ing of security. His approval of any plan was considered 
by everyone to be final, and he has accepted absolute re- 
sponsibility for the two great engineering changes that 
were made during the progress of the work—the lengthen- 
ing of the main span and the changes in the specification 
and the adopted unit stresses. In considering Mr. 
Cooper’s part in this undertaking, it should be remem-, 
bered that he was an elderly man, rapidly approaching’ 
seventy, and of such infirm health that he was only 
rarely permitted to leave New York. 

Mr. Cooper assumed a position of great responsibility, 
and agreed to accept an inadequate salary for his ser- 
vices. No provision was made by the Quebec Bridge Co. 
for a staff to assist him, nor is there any evidence to 
show that he asked for the appointment of such a staff. 
He endeavored to maintain the necessary assistants out 
of his own salary, which was itself too small for his 
personal services, and he did a great deal of detail work 
which could have been satisfactorily done by a junior. 
The result of this was that he had no time to investigate 
the soundness of the data and theories which were being 
used in tne designing and consequently allowed fundamen- 
tal errors to pass by him unchallenged. The detection 
and correction of these fundamental errors is a distinc- 
tive duty of the consulting engineer, and we are compelled 
to recognize that in undertaking to do this work without 
sufficient staff or sufficient remuneration, both he and his - 
employers are to blame, but it lay with himself to demand 
that these matters be remedied. 

During the construction of the substructure, Mr. 
Cooper visited the bridge site on several occasions, but 
did not visit the bridge during the erection of the super- 
structure. He visited the Phoenix Iron Co,’s shops but 
three times during the fabrication of the structure. 

During erection, Mr. Cooper, upon receipt of informa- 
tion from: Mr. McLure, ordered certain work on the 
erection to be stopped for correction; this order was 
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communicated by him to Mr. 


Hoare, who stopped the 
work accordingly. 
In the sense that the inspectors looked to Mr. 


Cooper for advice and directions, almost entirely, and that 
he appointed them and issued instructions to them, and 
also that he dealt directly with the contractors, he as- 
sumed many of the duties of a chief engineer; owing to 
_ the special nature of the work, he was the only one in 
the employment of the Quebec Bridge Co. who was cap- 
able of assuming these duties. He was not authorized 
to act in this capacity, nor was he apie; to visit the bridge 
during its erection. 

Norman R. McLure was an inspector assisting Mr. 
Edwards in the shops up to the beginning of erection, 
when he acted as inspector of erection, being employed 
during the winter as an inspector in the shops. He was 
appointed by Mr. Cooper, with Mr. Hoare’s concurrence. 
He was responsible to both Mr. Cooper, and Mr. Hoare, 
and received instructions from both; sbut reported to Mr. 
Hoare principally upon matters regarding monthly esti- 
‘mates, and to Mr. Cooper upon matters of construction. 
Mr. McLure had definite instructions in writing as to 
duties from Mr. Cooper, but had none from Mr. Hoare. 
Mr. McLure is a technical man, a graduate of Princeton 
University (1904), and previous to the Quebec bridge 
work was inspector of bridges for the New York, Ontario 
& Western Ry., and in so far as his experience fitted him, 
performed his duties’ well and is a painstaking and capable 


engineer. He had not full authority on the work, and de- 
pended n Mr. Cooper for all technical advice and in- 
structions. 


We are at a loss to understand why Mr. Cooper, under 
the circumstances, did not place a more experienced man 
in full local charge of the inspection of erection. We 
must recognize, however, that the power of making such 
an appointment did not rest with Mr. Cooper, and that 
Mr. Hoare had stated in evidence his conviction of his 
own ability to handle the work. 

Mr. E. R. Kinloch acted as inspector of workmanship 
throughout erection, having been appointed by Mr. Hoare 
and was responsible to him. Mr. Kinloch’s experience 
on bridge work, as given in his evidence, shows that while 
without technical training he had been connected with the 
building of several heavy structures and was thoroughly 
capable of handling ordinary bridge erection. His duties 
a were to watch the structure closely, and to see that the 
y erection work, and particularly the rivetting, were prop- 
erly done and in accordance with the instructions issued 
by the Phoenix Bridge Co. While the Phoenix Bridge Co. 
did not recognize his authority, they co-operated cordially 
with him to the common end of endeavoring to -obtain 
good work. Mr. McLure and Mr. Kinloch worked inde- 
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ry pendently, but all mr. Kinloch’s obserwatiaay ; and criti- 
‘cisms were reported to Mr. McLure, and thé ave added 
a great deal to the value of these records. Mr. Kinloch 


was thoroughly at home in his work, and executed his 
‘duties carefully and intelligently. He appears from the 
evidence to have been a keen observer and fully impressed 
\ with the importance of his duties. We are, however, con- 
vinced that the bridge was too large for one man to 
; thoroughly cover in detdil all the work that was entrusted 
to Mr. Kinloch, and that there should have been more in- 

\ spectors of equal ability. 
Mr. E. L. ‘Edwards was chief inspector of shop work, 
i and was appointed by sir. Cooper, with the approval of 
Mr. Hoare. He reported to both Mr. Cooper and Mr. 
Hoare. The circumstances of his appointment are stated 
i by Mr. Cooper in his evidence and tur. Edwards’ experi- 
ence as an inspector is given in full in his own evidence. 
. His duties were to see that the metal supplied by the roll- 
ing mills came fully up to requirements of the specifica- 
y tions, and that it was properly tested; he sent the test 
P reports regularly to Mr. Hoare, and visited Mr. Cooper 
i" for instructions every month, or when anything irregular 
a happened. He had also to see that the finished members 
ee corresponded in dimensions exactly with the approved 
} plans, and that the methods of fabrication that were used 
were in each case most accurate and satisfactory. The 
test records and the list of shop errors detected by the 
inspectors are evidence as to how Mr. Edwards performed 
1) his duties. 
4 Mr. I. W. Meeser was Mr. Edward's assistant and his 
inspection was more particularly directed to the shopwork. 
He had ample experience in shopwork, having been 
trained as a machinist, and was at one time sub-foreman 
in the shops of the Phoenix Iron Co. The commissioners 
satisfied themselves during their visit to Phoenixville that 
both Mr. Edwards and Mr. Meeser thoroughly understood 
the work they had undertaken. The commissioners are 
f not, however, satisfied that the shop inspection as arranged 
4 for by the Quebec Bridge & Ry. Co. would have been as 
thorough as it was if it had not been aided throughout 
by the hearty co-operation of the officials of the Phoenix 
A Bridge Co. and of the Phoenix Iron Co. The staff was 
. ' too small; and it is our opinion that the Quebec Bridge 
- €o. would have shown better judgment had it employed a 
larger staff under the direction of an independent man of 
wider technical knowledge and who would have been 
sufficiently forceful to hold his own against the con- 
_tractors. 
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Messrs. Keenan and Ostrom acted as inspectors in the 
rolling mills at Harrisburg and Pittsburg, respectively. 
There is no evidence of any serious defect in the metal 
supplied by these establishments, and it may be concluded 
that the inspection was thorough and creditable. 

As a whole, the staff was inefficient and not well or- 
ganized; the excellence of the work done must be largely 
attributed to the ambition of the constructors to do the 
work to the very best of their ability; the organization 
was weak in the absence of a fully competent engineer of 
erection, and of a forceful chief of staff for the inspection 
of shopwork. 

The officials of the Phoenix Bridge Co. most closely 
connected with the Quebec bridge were the chief engineer, 
the designing engineer, the engineer in charge of details, 
the shop inspector, the superintendent of erection, the 
erection foreman, the resident engineer of surveys, and 
the resident engineer on erection. 

The chief engineer was Mr. Deans, who has occupied 
this position for many years, and is widely and favorably 
known as an experienced bridge builder. Mr. Deans’ per- 
sonal duties are the general oversight of all work being 
executed by his company. He may be fairly described as 
its chief business manager, and as such conducted all the 
negotiations leading up to the Quebec bridge contracts. 
From the nature of his work it is not possible for him to 
be closely in touch with the planning and execution of 
technical. details; these were in the utrect charge of his 
two principal assistants, Mr. Szlapka and Mr. Milliken, 
acting under his general instructions. Mr. Deans was 
very active in the performance of his duties, kept closely 
in touch with the progress of the work in all departments 
and generally managed the execution of the contract. 

Mr. Deans’ actions in the month of August, 1907, and 
his judgment, as shown by the correspondencée and evi- 
dence, were lacking in caution, and show a failure to 
appreciate emergencies that arose. 

The designing engineer was Mr. Szlapka, who had re- 
ceived a thorough technical education in Germany and 
has been with the Phoenix Bridge Co. tor about 27 years, 
having held his present position for 21 years. A list 
of the more important structures that have been built by 
this company to Mr. Szlapka’s designs will be found on 
P. 935 of the evidence, and shows that previous to 1903 
his ability as a designer had been thoroughly: tried and 
that his experience was wide. As usual in present bridge 
company organizations, Mr. Szlapka’s work has been con- 
fined to his own department, and his personal knowledge 
of the work of transportation and erection is limited. 
The evidence shows that Mr. Cooper, whose faculty of di- 
rect and unsparing criticism is well known, had every 
confidence in the ability of Mr. Szlapka, and on previous 
works had had good opportunity to form his estimate of 
him. Mr. Szlapka was responsible for the entire work of 
designing, and the commissioners are satisfied from their 
personal investigations at Phoenixville that this. was con- 
ducted with care ana energy. Mr. Szlapka’s mistakes and 
errors, to which the disaster is directly attributed by the 
commissioners, are discussed elsewhere. 

The engineer in charge of details was Mr. Charles 
Scheidl. Mr. Scheidl had received a technical education 
in Germany, and has been with the Phoenix Bridge Co. 
for 24 years, during 18 of which he has held his present 
position. His work in connection with the Quebec bridge 
is clearly and fully set forth in his testimony commencing 
on p. 914 of the evidence, and, briefly stated, consisted of 
preparing the shop drawings from the general outlines 
of design that had been determined by Mr. Szlapka. The 
accuracy with which this work was done is proved by the 
records of the shop, inspectors and of the erectors, and 
was of the highest grade. Upon Mr. Scheidl was laid the 
burden of being personally responsible for the accuracy of 
every one of the shop drawings. 

Mr. E. T. Morris was shop inspector for the Phoenix 
Bridge Co., his position being a permanent one. His 
duties were similar to those of Messrs. Edwards and 
Meeser, -and his employment practically provided for an 
additional inspection of the work in the shop. He re- 
ported to Mr. Deans and Mr. Szlapka, and kept a record 
of all errors detected and of the methods adopted for 
their correction. An examination of the “field correc- 
tions” reported by the resident engineer of erection will 
show how thoroughly this shop inspection was done, and 
by comparison of the records we find that the work of Mr. 
Morris was even more thorough and exact than that of 
Messrs. Edwards and Meeser.’ It is proper to credit the 
thoroughness with which this work was performed not 
solely to Mr. Morris, but also to Messrs. W. H. Reeves, 
Deans and Norris, whose emphatic instructions concern- 
ing inspection he had received. 

Mr. A. B. Milliken was superintendent of erection, hav- 
ing general jurisdiction over the handling of all the con- 
tracts of the company after the material was delivered to 
it by the Phoenix Iron Co. He has occupied his present 
position for about 17 years. A list of the most im- 
portant structures that he has erected is given in his evi- 
dence (pp. 52 and 53). Mr. Milliken did not confine 
his attention to the Quebec bridge work, but had the 
execution of several other contracts to look after at the 
same time. The evidence shows that he spent much time 
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at the site, and was always closely in touch with the 
work. The system of reports of progress esta alert in 
his department was very thorough. 


Mr. Milliken reported to Mr. Deans, and when on the 
work uid not interfere with the jurisdiction of Mr. Yen- 
ser, who was in charge, but simply advised him. His 
work throughout appears to have been thoroughly and 
carefully done. The system of erection was jointly de- 
signed by the engineering and erection departments of the 
Phoenix Bridge Co., the details of the members, their 
connections, the travelers, ana the general order of erec- 
tion being determined by the engineers, and the equip- 
ment of plant and tackle by the erection department. 
Mr. wulliken appointed Mr. Yenser as foreman on the 
Quebec bridge. 

Mr. B. A. Yenser was Mr. Milliken’s subordinate in 
charge of erection, and was in absolute local authority. 
He had been a bridge erector for many years, and had 
worked for the Phoenix Bridge Co. for about 15 years. 
In Mr. Deans’ evidence will be found a statement of the 
more important structures erected by Mr. Yenser, and 
that gentleman is described as “having shown unusual 
qualities as an erector, being careful and conscientious, 
and having had experience in the handling of men.” It 
should be noted that Mr. Yenser had absolutely no author- 
ity to vary the programme of erection, which was ar- 
ranged in Phoenixville and furnished to him in a book of 
instructions with accompanying plans. His position was 
largely an executive one, his duties being to carry out 
positive instructions, and to see that the forces employed 
were worked to their full efficiency. He had orders to 
exercise extraordinary care in the inspection of the tackle 
and all handling appliances. Mr. xenser had no techni- 
cal training, and his position did not call for it. His 
action in continuing erection on Aug. 28, 1907, was im- 
mediately referred to his engineering superiors and was 
approved. The evidence shows that he was an able and 
forceful superintendent, and that he went to his death 
with supreme confidence in the judgment of his superiors 
at Phoenixville. 

Mr. A. H. Birks, the resident engineer of erection, who 
also perished in the disaster, had complete confidence in 
the ability and efficiency of the Phoenix Bridge Co.’s 
designers, whose abilities he had had ample opportunity 
to observe. The personality of Mr. Birks is described and 
his record in the performance of his duties is stated in 
Mr. Deans’ testimony on pp. 42 and goo, It will be there 
noted that Mr. Birks’ experience was rather limited. He 
had received a thorough training in the design of the erec- 
tion plant. His duties were to inspect the material as it 
arrived on the bridge for erection, to see that it was 
properly placed, and to watch the erectors to see that the 
programme of erection as laid down in tne Phoenixville 
written instructions was minutely followed. The evidence 
shows that these duties were performed with intelligence 
and fidelity. Mr. Birks prepared all technical reports for 
transmission to Phoenixville, and advised mr. Yenser on 
matters calling for engineering knowledge. 

Mr. F. A. Cudworth was resident engineer in charge of 
surveys. No question of importance affecting Mr. Cud- 
worth’s work has come up in the progress of this enquiry 
and it is sufficient to say that his duties were faithfully 
and ably attended to. The Phoenixville office depended 
upon him principally for reports of the movements of the 
various parts of the truss as the erection proceeded, and 
his observations are matters of recoru. 


In general, it may be said that this‘stafi was highly 
efficient, the men were well trained and had ample experi- 
ence in the class of work that they were called upon to 
do, and there is throughout evidence of great pride in 
their individual connection with the undertaking and of 
determination to do their utmost to make it a success.in 
every way. The Commissioners are of opinion, however 
that the Phoenix Bridge Co. erred in judgment and 
showed a failure to appreciate the magnitude and difficul- 
ties of the work that it had undertaken when it did not 
provide as part of this organization an engineer of erec- 
tion who, by virtue of technical training and long experi- 
ence on large bridge work, was fitted to take complete 
local control of the erection. In this they followed usual 
practice, which, however, was. not applicable to this par- 
ticular work. 

The manager for the Phoenix Iron Co. was Mr. 
who has been prominently connected with the company 
since 1896, and who became manager in 1900. Under his 
management the works of the company have been altered 
and enlarged and the: output materially increased. Mr. 
Norris’ endeavor to secure thoroughly good material and 
good workmanship ior the Quebec bridge is set forth at 
length in his testimony, and his conduct of the work 
throughout is, in the opinion of the Commissioners, com- 
mendable for its carefulness, thoroughness and energy. 

The Commissioners are of opinion that the works of 


Norris, 


the Phoenix Iron Co. are efficiently managed and 
operated. 
(Signed) Henry Howeate, 
Chairman. 
J. G. G. Kerry. 


J. GavsrairH. 


Pee ae) 
Oa 
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APPENDIX 8.—A HISTORY OF THE DEVELOPMENT OF‘ THE PLANS AND OF 
THE METHODS FOLLOWED IN THE DESIGNING OFFICE. 


The first preliminary plan of the’ Quebec bridge was 
made by the Phoenix Bridge Co. for the Q-\ebec Bridge 
Company and is dated Nov. 30, 1897. A second plan 
was made Dec. 7, 1897, showing the lower chord curved. 
In response to our inquiry, Mr. Szlapka states that the 
change from the straight to the curved lower chord was 
made for the sake of artistic appearance, either form 
being considered by him structurally satisfactory. 

There are three other plans, dated Feb. 17, 1899, two 
of which show the lower chord of the anchor-arm arched 
at both ends, and the other shows the anchor-arm arched 
only at the main pier. In general outline this last plan 
was almost identical with that of the final design. 

All of these five general preliminary plans are’ drawn 
for a river span of 1,600 ft. The plan of Nov. 30, 1897, 
shows the cross-section of the river correctly, which indi- 
cates that information of this nature had been received 
from the Quebec Bridge Co. prior to that date. 

The plan made by the Phoenix Bridge Co. and dated 
Dec. 7, 1897, is identical as to bridge outline with the 
plan dated Jan. 13, 1898, and filed in the Department of 
Railways and Canals by the Quebec Bridge Co. 

The plan which accompanied the tender of March 31, 
1899, was one of the three plans dated Feb. 17, 1899. 
This design and others of the same date, some of which 
were competitive designs, are shown on drawing No. 23. 

Two more plans were made, dated April 22, 1900, both 
of which show the anchor-arm, with a lower chord in the 
shape of a complete arch, the main span on one being 
1,723 ft. and on the other 1,800 ft. The contract for 
the bridge having been awarded on April 12, 1900, these 
plans were finished after the formal award was made; but 
the correspondence shows that the discussion of the length- 
ening of the mainspdn had been going on for some time 
before April 12. Mr. Cooper’s report recommending the 
1,800-ft. span is dated May 1, 1900. Another general 
plan, showing a bridge with practically the same outline 
as that used for the final design, was completed on May 
6, 1900, and this, with slight modifications, was used in 
making a plan dated Oct. 6, 1900, and having the name 
of the Quebec Bridge Co. in place of that of the Phoenix 
Bridge Co, in the title. On April 14, 1901, the last 
preliminary general plan was made. All these preliminary 
plans were made by the Phoenix Bridge Co. 

On April 12, 1900, the contract embracing the anchor- 
age steel work was signed. The plans for this work were 
developed in the regular course, and work was done ac- 
cordingly. In this contract the Phoenix Bridge Co. was 
awarded the contract for the steel work of the whole 
structure and agreed to proceed with detail plans. On 
Dec. 19, 1900, the contract for the two approach spans 
was signed. The plans for this work were developed, and 
the work was finished in due course. 

While the approach spans were simple truss spans of 
unusual design for such structures, and complete in them- 
selves, the anchorages for the cantilever bridge involved 
calculations of the main structure, in order that the uplift 
could be determined. Such calculations as were necessary 
to ascertain this were made on assumed data. The work 
was ordered Jurfe 15, 1900, and forthwith designed and 
constructed, with “fa liberal allowance for increase of 
uplift,’ as the exact uplift could not be ascertained, the 
weight of the structure itself not being then known and 
only approximately estimated. 

A general study of the details of the bridge was made 
by Mr. Scheid! during the months of January, February 
and March, 1902. This study involved the consideration 
of the outlines of the bridge and of the general stress 
sheets which had been prepared. The method of con- 
necting the suspended span to the cantilever-arms, the 
details of the shoes for the main posts and the details of 
the anchorages were considered; the detailing of the 
panel points and intersections of the suspended span was 
worked out; then followed the arrangement of the top 
chord packing for the cantilever and anchor-arms, the 
panel points and intersections, the main posts and pedes- 
tals, ete. These studies not being considered as other 
than tentative, the weights were not computed at that 
time as a basis for new stress sheets. The real pre- 
liminary work intended for final results was begun in 
July, 1903, after the receipt of the revised specifications, 
the contract having been signed provisionally on June ro. 

The following is an outline of these preliminary studies. 
First, the determination of the normal lengths of all the 
bridge members; then studies of all plate and trussed 
floor beams and stringers; of transverse bracing, details 
of main shoes, pedestals, connecting chords and bracing 
of same. 

The packing of the eye-bars was then taken up; then 
the details for anchorages and the transfer of wind 
stresses and anchor piers. Then followed the detail of 
the anchor-arm panel points, commencing with the end 
lower chords; then the web intersections, Similar studies 
were made for the cantilever-arms and the suspended 
span. 

When the details for the anchor-arm were completed 
and those for the cantilever-arm partially completed the 
weighfs of all details were calculated and final anchor- 
arm stress sheets computed. This was the beginning of 


the shop drawing period; only the anchor towers had then 
been shop detailed. 

The dead load concentrations upon which the final 
make-up of the members of the anchor-arm was based 
were as follows: 


Half-suspended span...........-.. 4,842,000 lb. 
Cantilever-armitcen adele ae cee 13,205,200 “* 
Anchor-arat Stic ncisaten sath terns 13,317,600 “ 


The corresponding concentrations, as determined on 


June 25, 1907, were found to be: 


Half-suspended span...........--+ 5,694,000 lb. 
Gantilever-arin Wa. ots sertescieieteree eters 15,804,000 “f 
Anchor-arm sat.Ats wae eee ee 17,318,000 “ 


(See also drawing No. 3.) The total steel in the latter 
concentrations was about 35,316,000 lb. 

The difference between these two sets of concentrations 
indicate a fundamental error in the calculations for the 
bridge. In a properly computed bridge the assumed dead 
load concentrations upon which the make-up of the mem- 
bers is based should agree closely with the weight com- 
puted from the dimensions in the finished design and 
with the actual weights. (See clause 3 of the specifica- 
tions, which provides: “3. The dead weight used for cal- 
culating stresses must not be less than the actual weight 
of structure when completed.’’) 

The error consists not so much in the assumed concen- 
trations being incorrect, for that is more or less un- 
avoidable, but in the fact that a recomputation of weights 
based upon the cross-sections already determined and 
with sufficient allowance for doubtful details was not 
made, and a process of approximation continued until 
satisfactory agreement was reached. In bridges of ordi- 
nary design and dimensions experience has furnished data 
sufficient to enable the designer to estimate the weight so 
accurately that a recomputation is not always necessary. 
In this case, however, the unique character of the design, 
the magnitude of the span and the high unit stresses 
specified demanded that no risks should be taken by 
failing to adopt this method of approximation and check- 
ing, ; 

In computing the make-up of the members of the can- 
tilever-arm the same dead load concentrations were as- 
sumed for the cantilever arm and for the suspended 
span as in the computations for the anchor-arm, and the 
above comment will apply with equal force to the design 
of the cantilever-arm. ; 

The failure to make the necessary recomputations must 
be attributed mainly to the over-confidence of Mr. Szlapka 
in the correctness of his assumed dead load concentra- 
tions. Mr. Cooper shared this confidence since he ap- 
proved the stress sheets. 

The dates of approval of the various stress sheets by 
Mr. Cooper are as follows: 


Suspended spare irare <tmiciois erections sears March 29, 1904 
Anchor-a2nb. asia sate Soar’ June 30, 1904 
Cantilever-samir cs ics. sonte Sa May 25, 1905 


Mr. Cooper’s examination with regard to the question 
will be found on pages 1006, 1007, 1008 and 1009 of the 
evidence. On page 1oog Mr. Cooper says: 

“In computing the dead load strains I was furnished 
by Mr. Szlapka with a diagram, dated May 12, 1904, which 
gave the dead load concentrations for the anchor and 
cantilever-arms, Quebec bridge. 

“These dead load concentrations vary at every point. I 
asked Mr. Szlapka when this was presented to me 
whether it was carefully and properly estimated. He 
states that he had his best men to carefully estimate the 
weight at each point, and that this was a correct arrange- 
ment of the final weight, to the best of his belief. As I 
had no other means of determining these weights, the 
plans not being yet submitted to me, I assumed them to 
be correct and used them in determining my strains. I 
did, however, check these weights in the following man- 
ner: TI added together all the concentrated loadings, de- 
ducted the allowance for floor and timber, which he states 
here especially, and found that the resultant weight was 
abundant to cover the assumed estimated weight of the 
structure.”’ 

Early in 1905 the drawings of the anchor-arm were 
practically complete, and it was possible to compute the 
weight of the anchor-arm within, say, 2 per cent. of the 
actual weight. There is no evidence to show that this 
was done by the Phoenix Bridge Co. or by Mr. Cooper. 
Had such a computation been made at that time, when 
but a small portion of the work had passed through the 
shop, and erection had not begun, the serious error of 
the assumed dead load would have been immediately de- 
tected. 

Shop work began in July, 1904, and the record shows 
that at the end of December, 1904, eight panels of 
anchor-arm lower chords had been completed ready for 
shipment. The demands of the shop on the drawing 
office no doubt contributed to prevent a recomputation of 
the stress sheets and the early discovery of the error. 

Mr. Cooper did not become aware of the error until 
he received Mr. Edwards’ report on material of Feb. 1, 1906. 
At this time practically the anchor-arm tower and two 
panels of the cantilever-arm were in place. Realizing 
that there was no remedy, and believing that the in- 
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creased stresses were still within the limit of safety, Mr. 
Cooper permitted the work to proceed. He estimated thar 
“the increase in unit stresses due to this error was from 7 to 
To per cent. 

No progressive record of computed weights was made 
and kept in the designing offices for the purpose of check- 
ing the estimated concentrations used in the stress sheets, 
as will be seen from the following correspondence witln 
Mr. Deans: 

“Montreal, Jan. 25, 1908. 
“Messrs. THE PHOENIX BRIDGE Co., 
“Phoenixville, Pa. 
“Dear Sir: 

“TJ have been requested to ascertain from you the 
process or system you used in the drawing office, whereby 
the weights were estimated and ascertained, and what 
record of estimated and actual weights of parts was kept 
in the drawing office. Was it your practice as soon as 2 
drawing was completed, to make an estimate of the 
weight of that part, and was this work done systematically 
so as to be of service in checking the original calcula- 
tions of the bridge, and were the weights estimated from 
the drawings of service to you in furnishing data for de- 
sign? If you can give me a list of these actual weights. 
with the dates at which they were ascertained, either from 
the estimate made from the drawing or from actual 
weight, whichever was first, it would, I think, give the 
information desired. 

“T would be obliged to you for an early reply, 

“Vours truly, 
(Signed) ‘Henry Horeate,” 


“Phoenixville, Pa., Jan. 31, 1908. — 
“Henry Horeate, Esq., 
“Chairman, Royal Commission, 
“Montreal, Canada. 
“Dear Sir: 

“Replying to your letter, Jan. 25. 

“When the shop drawings of the heaviest and largest 
pieces were partially finished sketches were prepared show 
ing their approximate weights and extreme dimensions. 
These sketches were sent to the transportation companies. 
to secure routing and method of loading. No weights 
were figured of any pieces of ordinary dimensions, where 
no difficulty whatever .was expected in loading. After 
the shop drawings of the most important members were 
finished and approved by the consulting engineer, then 
their weights. were figured with care for comparison with 
the shipping weights. No other record was kept in the 
drawing room outside of these itemized weights on forg- 
ing lists of the estimated and actual shipping weights. 

“Our shipping invoices give the actual weights, marks 
and dates of shipment of all pieces in the bridge. We 
have no extra ‘copy of these, but no doubt you could get 
the loan of Mr. Hoare’s record. 

“Vours truly, 
(Signed) “Jno. Srertinc DEANs. 
“Chief Engineer.” 

Before commencing the shop drawings a full under- 
standing was arrived at between. the drawing office and 
the erection department regarding the positions of field 
splices and other details which might affect the erection. 
The large traveler was designed after consultation be- 
tween the two departments. 

Before shop drawings could be made for the larger 
pieces arrangements had to be completed with the trans- 
portation companies. This involved the making of trans- 
portation drawings for the purpose of avoiding all diffi- 
culties which might arise during transportation with re— 
gard to rolling stock, curves and bridges. 

The exact dimensions of the various members had to be 
determined so that under normal loading the normal con- 
figuration should obtain. This involved the computation 
of all the alterations of lengths and of position in mem- 
bers from the first position of the anchor-arm lower 
chords on the false works to the final configuration of the 
bridge when complete and sustaining its normal load. 

The methods of erection were fully considered in plan- 
ning the details of the shop drawings. All the work, in- 
cluding the preliminary detailing already described, was 
under the charge of one assistant engineer, Mr. Chas. 


Scheidl. Each shop drawing, when completed, was fully 
checked. Copies were then forwarded to the consulting 


engineer for approval. When approved, copies were re- 
turned to the Phoenix Bridge Co., which sent copies to 
the chief engineer of the Quebeg Bridge Co., to be for- 
warded to the Department of Railways and Canals. The 
department returned one approved copy to the Phoenix 
Bridge Co., and in accordance with the terms of the con- 
tract, the receipt of the plans approved by the Depart- 
ment of Railways and Canals was the authority for the 
Phoenix Bridge Co. to construct the work. 

All shop drawings were executed in the best style of 
draftsmanship and gave all necessary information for the 
shop and to some extent for the erection. 


The most careful methods of checking were employed. © 


At no time during the progress of the office work were 
more than eighteen men employed. The rate’ of progress 
depended upon the rate at which Mr. Scheid! could per- 
form his work and would not have been hastened by the 
employment of a greater number of draftsmen. 

The north and south halves of the bridge being identical, 
the members for each were constructed from the same 
drawings simultaneously. 


ee 


‘sent to Mr. 


Sg Marcu 14, 1908. 


The annexed table shows that the drawings were sent 
to the shops as soon as the approval of Mr. Cooper was 
obtained, and that the approval of the Department of 
Railways and Canals, while necessary, was regarded as 
being purely formal. 

The following is a condensed diary of the work more 
or less connected with the drawing office in connection 
with the structure as. erected: 

April 12, r900—Contract for anchorages signed. 

Dec. 19, 1900—Contract for two approach spans signed. 

January, February and March, 1902—Tentative studies 
of details for mdin structure. 

July, 1903—Preliminary studies for final design of 
main structure begun on receipt of the revised specifica- 
tions. Contract signed provisionally on June 19. 

July 23, 1903—Studies of floor system begun. Mr. 
Szlapka decides to arrange his work so as to complete the 
shop drawings for the anchor and cantilever-arms not 
later than Aug. 31, 1904, giving the shops eight months 
to complete 20,000,000 lb., so that erection might begin 
May 1, 1903. 

January to May, 1904—Computation of stress sheets 
and make-up of anchor-arm. 

March to December, 1904—Computation of stress sheets 
and make-up of cantilever-arm. 

Feb. 19, r904—General drawing and stress sheets of 
suspended span sent to Mr. Cooper. 

March 21, 1904—Mr. Deans instructed Mr. Szlapka to 
push all work with the utmost dispatch. 

March 29, 1904—Stress sheet of suspended span ap- 
proved by Mr. Cooper. 

April 8, 1904—Mr. Szlapka advises Mr. Hoare that 
weight of bridge would not be more than 5 per cent. above 
the estimate, or, say, 62,720,000 |b. 

April, 1904—Large traveler designed and weight de- 
termined for computing erection stresses. 

May, 1904—General detail drawing suspended span ap- 
proved by Mr. Cooper. 

May 3, 1904—Details of anchor bents approved by Mr. 
Cooper. 

May 13, 1904—Mr, Szlapka sends Mr. Cooper dead 
load concentrations for cantilever and anchor-arm so that 
Mr. Cooper might check his stress sheets. 


May 23, 1904—Preliminary study of shoes and pedestals 
Cooper. Also complete calculations for 
anchor-arm. Also first shop drawing for anchor bent. 

May, 1904—All typical drawings of top and bottom panel 
points approved by Mr. Cooper. 

June 2, 1904—Complete stress sheet for anchor-arm 
taken to Mr. Cooper by Mr. Szlapka. 

June 6, 1904—Revised plan of anchor eye-bars sent to 
Mr. Cooper. ; 

June 30, 1904—Mr. Cooper approves anchor-arm stress 
sheet. 

July, 1904—Plate floor beams and stringers approved by 
Mr. Cooper. ; 

July 10, 1904—First lower chord plans approved by 
Mr. Cooper and work begun on them in shop. 

. July 11, 1904—Copies of anchor-arm stress sheet sent 
to Mr. Hoare for transmission to Department of Railways 
and Canals. 

July 28, 1t904—Top chords approved by Mr. Cooper. 
After this drawings completed and forwarded to Mr. 
Cooper in a continuous stream. 

August, 1904—Shop drawings of two end panels ap: 
proved by Mr. Cooper. 


‘The following letter from Mr. Deans to Mr. Hoare de 


scribes the situation as at Oct. 8, 1904: 


ae ey “Oct. 8, 1904. 
“E. A. Hoare, Esq., 4 
“Chief Engineer, Quebec Bridge & Ry. Co., 
“Quebec, Canada. 
“Dear Sir: 

“We find we have not received from the government 
engineer the approval of any main chord sections. As 
explained to you some time ago, we have been working at 
great disadvantage to ourselves in being compelled to con- 
fine our office work to the anchor-arm, in order that every- 
thing might be done that it is possible to do, to be ready 
early next spring to start the erection of the anchor-arm. 
There was too much work to do in the time allotted after 
the financial arrangements were made and work ordered 
ahead. We have not therefore been able to complete our 
stress sheets for the-cantilever-arm and for the sus-" 
pended span, it being necessary to await the completion 
‘of all details, not only of the permanent structure, but 
also the details and rigging of the main traveler that we 
may know exactly the total weight coming at each panel 
point. 
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SHOWING DATES AT WHICH VARIOUS OPERATIONS ON LOWER CHORDS OF SOUTH ARM WERE 


PERFORMED. 
S Approved 
A : Sent to Mr. |Returnd by| Sent to ee eo Drawings | Templates} Starting of} Finished | Completed 
oo [Location.| Cooper for | Mr.Cooper| Mr. E. A Rys and | Received in| Ready for 
3 Approval. | Approved. Hoare Canale, Shops.. |Completed.| Punching.| Punching.| Shipment. 
1} End uly s@RRO4 Ne TukynLO! cae ere Oct. 21 July 22 Sept. 1 Aug. 5 Sept.26 | Oct. 1-19 
Panel. Oct. 1-20 
2|}Second | Aug. 16 Aug. 20 | Aug.29 | Oct.21 | Aug. 25 | Sept.25 |- Sept.19 | Oct. 1 Oct. 1-27 
Panel Oct. 1-24 
3} Third Sept. 10 Sept. 14 Sept. 22 Nov. 1 Sept. 16 Oct. 5 Oct. 11 Oct. 22 Nov. 1-8 
Panel. Nov. 1-3 
4| Fourth Sept. 10 Sept. 24 Sept. 28 Novy. 1 Sept. 26 Oct. 11 Oct. 20 Oct 28 Nov. 1-12 
Panel. Noy. 1-14 
Fifth Sept. 16 Sept. 24 Oct. 8 Noy, 1 Sept. 29 Oct. 31 Noy, 2 Noy. 17 | Nov. 1-25 
Panel. Nov. 1-26 
6| Sixth Sept. 14 Sept. 24 Oct. 13 Nov. 1 Oct. 4 Nov. 1 Nov. 10 Nov. 17 | Dec. 1-3 
Panel. Dec. 1-6 
7| Seventh| Oct.7 Oct. 13 Oct. 21 Nov. 12 Oct. 17 Noy, 14 Noy. 21 Dec. 3 Dec. 1-13 
Panel. Dec. 1-17 
8| Eighth Oct. 14 Oct. 18 Nov. 4 Nov. 23 Oct. 24 Nov. 18 Dec. 4 Dec. 17 Dec. 1-24 
Panel, Dec.\1-31 
9} Ninth Oct. 19 Oct. 23 Nov. 4 Nov. 23 Oct. 28 Nov. 25 Dec. 13 Dec. 31 Jan. 1-12,’05 
Panel. Jan. 1-16 
10) Tenth Oct. 21 Oct. 25 Nov. 23 Dec. 19 Nov.7. | Nov. 28 Dec. 28 | Jan.5,’05 | Jan. 1-18 
Panel. | Jan. 1-19 
Column 1 2 3 4 5 6 by) 8 9 
Compare Column 4 with 5 
Compare Column 4 with 9 
“We have, 1s you know, sent to the Canadian engi- 606. Anchor-arm trusses........... 8,085,621 8,142,803 
neers, through your office, the stress sheets for the 608. Anchor-arm eye-bars.......... 3,188,361 3,209,014 
anchor-arm, covering the chords which have not been 6re. Anchor-arn). pins... $y.. us cu. 229,058 229,255 
approved, and we would kindly ask that they be exam- — — —- 
ined and prints sent to us, with their approval, as soon Anchor-arm truss system........ 11,503,040 11,581,072 
as possible. The engineers have everything that is neces- 673. Anchor-arm floor b. & str..... 1,507,140 1,517,036 
sary to check these chords, although we thoroughly ap- 618. Anchor-arm trusses floor b.... 260,832 261,510 
preciate they woud like to have before them these stress Ae ae aes 
sheets of the entire bridge, and these will be sent with the Anchor-arm floor system......... 1,767,072 1,778,546 
sic possible delay. wy Ee 612. Center posts and bracing...... 2,676,863 2,708,560 
Osta Ure ys 614. Shoes and pedestals............ 808,810 814,349 
(Signed) “Jno. Srertinc DEANs, weaee xa 
“Chief Engineer.” Center post system.............. 3,485,673 3,522,909 
Nov. 19, 1904—Plan of center post approved. 621. Cantilever-arm trusses........ 8,602,086 8,724,508 
January, 1905—Series of eye-bar tests made. 623. Cantilever-arm eye-bars....+... 3,467,005 3,468,253 
March 3, 1905—Drawings for main shoes sent to shops. 625. Cantilever-arm pins.......... 330,220 329,584 ~ 
May 25, 1905—Mr. Cooper approves stress sheets for ER ROS PSE 
cantilever-arm. Cantilever-arm truss system..... 12,399,311 12,522,435 
July 12, 1905—First detail drawing cantilever-arm chord 627. Cant.-arm floor b. and str..... 1,732,290 1,770,892 
No. 9 sent to Mr. Cooper. 629. Cant.-arm trussed floor b...... 290,435 296,206 
July 13, 1905—Stress sheet for cantilever-arm approved L s 
by Department of Railways and Canals. Anchor-arm at Cant.-arm floor system.......... 2,022,725 2,067,098 
this stage nearly all fabricated. Mr. Szlapka, expected to 631. Susp. span trusses............ 3,307,590 3379203 
finish the shop drawings for first two panels of cantilever- 633. Suspended span eye-bars...... 342,340 343,280 
arm by Sept. 1, and all the drawings for the bridge by 635. Suspended span pins.......... 35,710 35,460 
March 15, 1907. Sse 
July 20; 1905—Mr. Cooper and Mr. Szlapka discuss the Suspended’ span truss system..... 3,685,640 3,758,033 
testing of riveted links and other matters. Use of slightly 6 S A b Aw ee . 
higher steel for eye-bars and some corrections in camber De een a ere ee eat age eis TL 04305) , ele 2A OOS 
all satisfactorily agreed upon. Bais pues > 
Aug. 11, 1905—First lower chord sections of anchor-arm Boe eae halt SE Pe een 36,656,252 37,039,941 
erected in position and practically whole of anchor-arm The whole bridge obs aE Pere 7313121504 74,079,882 
fabricated, a large amount having been delivered at Actual weight in excess of weight estimated from 
bridge site. Ata QOS es oun s Ete iy ste na eee peri ele ia ine, oe 767,378 
June 14, 1906—Development of drawings so far ad- Percentage of errors, 1.03 per cent. 


vanced that the Phoenix Bridge Co. made a closer esti- 
mate of the weight of the steel in the structure, which, in- 
cluding the anchorages, was placed at 73,500,000 lb. The 
weight finally was estimated at 73,312,504 lb. The actual 
weight averaged about 1 per cent. heavier than the weight 
computed from the drawings. 


QUEBEC BRIDGE—SOUTH HALF. 


StaTeMENT SHOWING ComPpaRISON oF AcTUAL WEIGHTS 
AND WEIGHTS FicurED FRoM CoMPLETED DRAWINGS. 


Figured Actual 

Order weight, weight, 
No. Description. Ib. ; Ib. 

602. Anchorage eye-bars and pins.. 219,829 223,100 

604. Anchor shells and bracing.... 374,607 371,843 

PASTE SE sw rat's ch el cro uoreig Wiavreiaiere sie won 594,526 594,943 


Actual weight is 101.05 per cent. of figured weight. 
Figured weight is 98.95 per cent. of actual weight. 
Sept. 25, 1907. 
Nov. 26, t906—The south anchor-arm, nearly all the 
south cantilever-arm erected. 
Feb. 1, 1907——-Stress sheets of the suspended span re- 
vised. 
March 15, 1907—The last drawing completed, being that 
of the lower chord of center panel of suspended span... 
June 25, 1907, to Oct. 8, 1907—Dead load concentra- 
tions for suspended span, cantilever-arm and anchor-arm 
revised and new cross-sectional areas for members of 
bridge computed for purposes of comparison with actual 
cross-sections, 
(Signed) Henry Hoxcarte, 
Chairman; 
J. G. G. Kerry, 
J. GALBRAITH. 


. 
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APPENDIX 9.—MATERIAL, SHOPWORK AND INSPECTION. 


The steel supplied for the bridge was made to meet 
the requirements of the Hoare specifications with the 
exception that Mr. Cooper, finding that the tests on the 
full-sized eyebars were running a little low, called for 
the use of a slightly higher material for eyebar blanks. 


The Hoare specifications called for an ordinary grade 
of structural steel very similar to the regular output of 
the mills. The testing requirements were not onerous, 
but were in accordance with current practice. 


The behavior of the metal, as evidenced by the wreck, 
was so good that the Commission was convinced that the 
disaster could not be traced to the furnaces or rolling 
mills. Its examination of these was accordingly rather 
general in character. : 


The following amounts of metal were supplied by the 
different mills: 


Lbs. 
Phoenix Iron 'Co!, Shapesevice Onesies cio enttians 16,575,888 
Central Iron & Steel Co., eyebars, blanks..... 14,827,400 
Central Iron .& Steel Co., plates)... 0.0020 cu.) 27,240,100 
Carnegie: Steel Co.,, plates.:..¢..505c.0. sees 13,822,000 
Bethishem= Steel,.Coy;-pinSse ss ciee ss esl ee 993,600 


The Commission visited the works of the Phoenix Iron 
Co., of the Central Iron & Steel Co. and of the Pennsyl- 
vania Steel Co., the latter corporation having supplied a 
large tonnage of slabs to the rolling mills of the Central 
Iron & Steel Co. 


On our inspections we were accompanied by the mill 
inspectors employed by the Quebec Bridge & Ry. Co. 
and the details of the manufacture of the steel, of the 
rolling of the shapes and plates and of the work of the 
inspection were explained fully to us both by these 
gentlemen and by the superintendents in charge of the 
various works. 3 


We desire to acknowledge here the courtesies extended 
to us by Mr. J. B. Bailey, manager of the Central Iron 
& Steel Co., and by Mr. Reynders, vice-president of the 
Pennsylvania Steel Co. 


The tests of material called for in the Hoare specifica- 
tions were regularly made by the rolling mills under the 
supervision of the inspectors for the Quebec Bridge & 
Railway Co. An examination of these records, there be- 
ing in the neighborhood of five thousand tests in all, 
shows that there was nothing abnormal about any of the 
material and that it satisfactorily met the requirements 
of the specifications. 


Full-sized tests of some seventy eyebars were also 
made in the large machine at Phoenixville in accordance 
with the requirements of the specifications. The results 
of these tests are given in Exhibit No. 107, and it will 
be noted that a number of the bars tested did not quite 
come up to specifications. The results of these tests 
were referred to Mr. Cooper, who agreed to accept a 
certain number of weak bars, but raised the rolling mill 
specification so that there would be no further difficulty 
of this nature. These full-sized tests were made on 
finished eyebars, prepared in all respects as were the 
eyebars that were used in the bridge. 


Mr. Cooper’s statement that ‘‘the various members 
of this bridge will exceed anything heretofore made and 
will tax to the utmost the manufacturing appliances of 
the time” is a fair description of the work that the 
Phoenix Iron Co. had undertaken to perform. 


When the Phoenix Bridge Co. provisionally signed 
the final contract of June 19, 1903, its sub-contractor, 
the Phoenix Iron Co., was not fully equipped for the 
carrying out of the work and additions and changes had 
to be made both to its buildings and to its plant. 


The study that had been given to improvement of 
equipment preparatory to the acceptance of the Quebec 
contract is set forth in the evidence of Mr. Norris, and 
the Phoenix Iron Co. was ready to commence making 
the necessary changes as soon as the contract was ac- 
cepted. . 


The total expenditure then made on improvements was 
over $220,000, divided as follows: 


New machinery, including a 64-in. double rotary 
planer for facing tne compression chords, a 
plate straightener for large, thick plates, hy- 
draulic shears for heavy sections, larger boring 
mills, large vertical planer and sundry altera- 


tions: to: “others machineye corms -len-vate cleta sitesi te 70,000 


This expenditure was necessary before the Quebec 
work could be properly handled and is an evidence of 
careful preparation for that undertaking; the additions 
themselves constitute a permanent improvement to the 
iron company’s plant and are now in constant use as 
part of its regular working equipment. 


The evidence shows that Mr. Reeves and Mr. Norris 
fully appreciated the difficulty of manufacturing the 
large and complicated pieces of the Quebec bridge and 
that the various superintendents and foremen’ were, 
warned to. give more than usual attention to the exe- 
cution of the work. «as a preliminary a full-sized wooden 
model of one of the panel points of the lower chord of 
the anchor-arm was made and remained set up for the 
inspection of the shopmen. All details, such as the 
heads of rivets, etc., were shown on this model so that 
the shopmen could realize the mechanical accuracy that 
was necessary in order that the several members meet- 
ing at a point would go together in the field. 


The Commissioners spent some days in the workshops 
with the iron company’s foremen and with the inspectors 
for the Quebec Bridge & Ry. Co. in order to familiarize 
themselves with the work of fabrication and inspection. 
There was nothing peculiar to the Quebec work other 
than the great size and weight of the pieces to be handled, 
and the usual bridge shop methods were followed, the 
provisions of Mr. Cooper’s standard specifications having 
to be observed for workmanship. 


It was the obvious intention of the iron company to do 
a first-class piece of work,and it is in evidence that the 
management impressed not only on its own officials, but 
also upon the employees of the Quebec Bridge & Ry. 
Co. its desire that thet shop inspection should be thor- 
ough and rigorous. 


All pieces were inspected twice, once by the regular 
shop inspector employed by the Phoenix Bridge Co. and 
again by the inspectors for the Quebec Bridge & Ry. Co. 
In the more delicate work the inspectors had orders not 
only to test the finished pieces, but also to test the 
setting in the machines before the final cuts were made. 


It was the practice of the shop to make the duplicate 
pieces for the north and south halves of the bridge at 
the same time, so that the bridge material now lying in 
Belair Yard was manufactured under exactly the same 
conditions as that which was erected from the south shore. 
The Commission spent seme time examining the mate- 
rial in Belair Yard for the purpose of satisfying itself 
concerning the finish of the workmanship on the lower 
chords. This was found to be by no means perfect, 
but the errors measured were of small amount. The 
shops were. defective in that they lacked a well founded 
floor for the assembling of the heavy pieces. The meth- 
ods adopted were also defective in that adjoining com- 
pression members were not fitted together before ship- 
ment. Some of the minor, but by no means neglible, 
errors discovered in Belair Yard would have been de- 
tected by this fitting and it is a customary practice on 
heavy work. That errors similar to those observed at 
Belair existed on the south half of the bridge there can 
be no doubt and Mr. Kinloch states’ that such errors 
were observed by him. That these minor errors at the 
joints contributed in some degree to the final disaster 
is probable, but our criticism in this case is not of the 
“shopwork, which was of a fair grade. The fault lies 
in a design which called for an accuracy beyond the 
working limits of good shop practice. 


The errors now being discussed are differences of 
length of the several ribs making up one chord and ir- 
regularities of surface at the field joints of the lower 
chords. The chord faces are found to be slightly dished 
and not true. It is not possible to determine by analysis 
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est 1/64 in., but such accuracy is hardly practicable. We 
do not consider that such high accuracy can be main- 
tained, at least not without fitting together adjoining 
pieces in the shop. 


It is probable that some portion of the errors noted 
at Belair was due to the unavoidable racking of the 
‘members while in transport. 


Both sets of inspectors worked with steel tapes that 
had been’ carefully compared and kept books of record 
stating the errors discovered in their inspections and the 
methods adopted in correcting them. In cases of diffi- 
culty the question was referred to Mr. Szlapka for in- 
structions and occasionally to Mr. Cooper. 


Some few errors escaped detection until the work was 
being erected in the field; the drafting room and not 
the machine shop was responsible for several of these. 
None of these final errors were of a serious nature and 
the necessary corrections were made without difficulty. 


Mr. Edwards has recorded the following number of 


errors: 
- 


In the Anchor-Arms: 23 in the stringers, 2 in the 
floorbeams, 17 in the lower chords, 20 in the main posts, 
7 in the hangers, 4 in the eyebars, 6 in the pedestals and 
shoes, 1 in the main diagonals, 14 in the laterals, 15 in 
the struts, 2 in the pins, 8 in the plates and in knee 
braces, giving in all 119 errors. 


In the Cantilever-Arms and Suspended Span: 27 in 
the lower chords, 10 in the floorbeams, 8 in the stringers, 
8 in the diagonals, 4 in the struts, 4 in the hangers, 34 
in the main posts, 4 in the laterals, 5 in the eyebars, 
giving in all 104 errors. 

As the inspection requirements were more severe than 
is customary on ordinary bridge work and as the shop- 
men had never been called upon to handle work of such 
magnitude before, it was natural that a number of errors 
should be made and that this number should. decrease pro- 
portionately as the conditions of the work became better 
known to the men. 


It will be noted from the figures given above that 
such a decrease in the number of shop errors did take 
place, and in the correspondence the better quality of 
the workmanship on the cantilever-arms, when compared 
with that on the anchor-arms, is referred to from time 
to time. 


Mr. Kinloch states in’ his evidence that in spite of 
the magnitude and difficulty of the work which would 
reasonably account for an unusual number of shop er- 
rors, the number actually found during erection was not 
in excess of what would be regularly expected on much 
simpler work. 


Mr. Edwards’ list of errors, which is not*so ample as 
that prepared by Mr. Morris, looks, in a statement, to 
be rather serious, but when the number and magnitude 
of the pieces are remembered it cannot be considered to 
indicate carelessness or insufhciency in the shops. Some 
errors will always occur. 


On the whole we consider that the inspection of the 
material and the work both in the mills and shops was 
reasonably efficient and that the collapse of the bridge 
is not attributable to want of care in either. 


Some special shop work errors that occasioned a good 
deal of correspondence are referred to’ elsewhere. 


The evidence shows that Mr. Cooper was seriously 
annoyed at the number of shop errors reported and. 
reprimanded the inspectors very sharply, but the ease 
with which the structure was erected indicates that their 
work was fairly well done. j 


The lines of the several ribs in the chords are known 
to have been wavy to the extent of from ¥% in. to % in. 
(Evidence p. 504), but errors of this size and kind do 
not appear to have been considered a cause of anxiety. 
The existence of these wavy bends had been noticed 
by the shop inspectors and had been reported both to 
Mr. Szlapka and to Mr. Cooper. 

We find no evidence to show that the seriousness of 
such minor errors in the compression chords and posts 
was appreciated by the engineers or was ever impressed 
by them upon the inspectors. 


(Signed) Henry Hoteare, 


Enlargement and improvement of eyebar plant.. 0,000 . : 
Alterations of buildings and installation se over- "4 the result of these slight errors, the larger of which Chniomm 
head cranes sufficiently powerful to handle would not exceed 3/64 in. in dimensions. ‘J. G. G. Kerry. 
Weehiter Of TOOLLONS Almere ea seen TI0,000 The inspectors were instructed to work to the near- J. GAvpraitH. 
APPENDIX 10 —TRANSPORTATION AND ERECTION which to manufacture the Quebec bridge. These ma- 


In the practice of steel bridge design details are of 
vital importance and connections which may appear to 
be simple and satisfactory frequently prove to be im- 
possible of execution. The complete study of the details 
therefore involves patient and skilful work and neces- 
sarily occupies a great deal of time. 


A large portion of the time spent on the Quebec bridge 
plans by the designers was devoted to the study of 
practical details. 


Four main principles had to be preserved: 


(1) The site of the metal shapes and plates called for 
in the bills of material had to be limited to the dimen- 
sions that the rolling mills could furnish. It will be 
noted by reference to Appendix No. 9 that a large ton- 
nage of metal was made for this bridge by the Carnegie 
Steel Co., neither the Phoenix Iron Co. nor the Central 
Iron & Steel Co. being able to make the larger plates. 

(2) The members had to be designed so that the 
machines in the shop could make them. It will be noted 
by reference to Appendix No. 9 that the Phoenix Iron 
Co. had to provide a number of new machines with 


chines were not novel in design; they were simply larger 
than those previously used by the Phoenix Iron Co. and 
were required on account of the greater size of the parts 
‘entering into the work. : 

(3) The members had to be designed of such size and 
weight that the railways could transport them. To 
insure this it was necessary to know and comply with 
the clearances and weight limits of several different rail- 
roads. For some of the members special cars were pro- 
vided so equipped as to make safe transportation a rea- 
sonable certainty. It may be noted that one member of 
the north half of the bridge has been lying in the 
Phoenixville yard for about three years awaiting the 
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renewal of certain railroad bridges over which it would 
have to pass to reach Belair Yard. 

(4) The members had to be designed so that they 
could be easily and quickly erected to place with the 
appliances provided. This made it necessary for the 
designers to thoroughly study the system and appliances 
for erection. The erection equipment provided was al- 
most entirely new, and much of it was built specially for 
this bridge. ; : 

The capacity of the erection equipment was sufficient, 
although demands made upon it were very great. Some 
of the members handled weighed 100 tons and one lift 
of two panels of eyebars was 145 tons. This was lifted 
and placed in position in the upper chord of the bridge 
without difficulty, proving the capacity and perfection of 
the apparatus used in erection. 

It should be said that the errors and mistakes of the 
Phoenix Bridge Co. in connection with the bridge were 
made in the design, and that its work in detailing, shop- 
work and erection was excellent. The care and fore- 
thought given to the execution of the work cannot be 
better described than it is in the evidence of Messrs. 
Deans and Scheidl. We therefore add only a few ex- 
planatory remarks to those statements. 

The bridge members were loaded on cars by the 
Phoenix Iron Co. and were shipped either to the Chau- 
diere or to the Belair storage yards. The facilities for 
loading, unloading and transporting the material were 
entirely satisfactory so far as the safe delivery of the 
members was concerned. 

But four cases of accidents during transportation from 
the shop to the bridge are reported. 

Mr. Milliken has given the particulars of an injury 
to one of the steel shells that stood on the anchor pier. 
This injury was due to an accident on the railway and 
was not important. 

The accident to chord 8L anchor-arm which occurred 
in the Chaudiere storage yard and which is frequently 
referred to in the evidence, is discussed in Appendix 
No. 11. 

An accident to center post 6R which occurred in the 
Chaudiere yard, is also referred to in Appendix No. rt. 
An injury occurred to one of the north side lower 
chords, which fell in the Phoenix Iron Co.’s yard, strik- 
ing a center post cap. These piecés were repaired before 
they were shipped and have not yet been erected. 

The work was delayed owing to lack of railway con- 
nections to the bridge site. The Quebec Bridge & Ry. 
Co.’s railway line, giving connection with the Chaudiere 
storage yard, was not opened for traffic until July 9, 
190s, the first metal for the main spans being placed on 
the south anchor pier on July 22, 1905. Owing to lack 
of this connection all the metal for the anchorages and 
approach spans and all the material for the falseworks 
and traveler had to be sent to Levis or Quebec and 
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taken to the bridge site on barges. The beginning of the 
erection of the main spans was delayed and considerable 
difficulty was experienced by the contractor owing to the 
congestion of the yards at Phoenixville and Belair. At 
the present date there are no railway connections with 
the bridge on the south side of the river; similar condi- 
tions existed on the south shore of the river early in 
1905. 

Great attention was given to the design and equip- 
ment of the erection traveler and it performed its work 
in a manner entirely satisfactory to the erectors. In 
evidence the erection workmen stated that they had never 
worked on a bridge on which better appliances were pro- 
vided, or on which the erection programme had been 
more perfectly arranged. In order to hasten the erection 
of the bridge, which had been delayed by lack of rail 
connections, it was decided in January, 1906, to erect the 
suspended span with a small traveler so that the big 
traveler might be removed to the north shore at an 
earlier date. This programme, which was followed, was 
found quite satisfactory and it tended to increase the 
safety of the structure during erection, eas 
stresses were thereby reduced. 

At the time of the collapse of the bridge the small 
traveler was doing all the work of erection and the 
big traveler was being dismantled. 

In the design of the bridge a normal configuration and 
loading was assumed in which the stresses in all the 
members were intended to be axial. In other words, un- 
der these conditions no bending stresses would exist at 
the various joints; under any other loading, therefore, 
angular changes would either take place or tend to take 
place at the joints; that is to say, bending stresses would 
exist. 

The shop lengths of all members being computed so 
that in the normal configuration the members had the 
normal lengths, it resulted that during erection, when the 
members were under little or no stress, the whole con- 
figuration was distorted, as compared with the normal 
configuration. The falseworks upon which the anchor- 
arm was built had therefore to be arranged to conform 
to the initial configuration. After the anchor-arm was 
erected the building of the cantilever-arm gradually in- 
troduced and increased the stresses in the various mem- 
bers of the anchor-arm, and at a certain stage the anchor- 
arm became free from the camber blocks on the false- 


erection 


_ work, which were lowered to assist this movement. 


In the original distorted form all field butt joints were 
in contact only at one edge, since in the normal form 
they would be in full contact. With the increasing loads 
on the cantilever-arm, due to the progress of erection, 
these joints gradually approached the condition of full 
contact and in doing so revolved about the edges in 
contact; in the meantime the splices were secured by 
bolts which could be changed, as the movement at the 


‘ 
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joints improved the matching of the holes. The instruc- 
tions issued by the Phoenix Bridge Co. were that when 
the joints finally closed the splices should be perma- 
nently rivetted. - 


It must be apparent that during the movement in 
question the stresses at these joints were applied first 
only at the edges in contact, and that it was not until 
the joints were fully closed that there was any possibility 
of uniform distribution of stress. Indeed, this condition 
was not possible until the bridge would be completed 
and carrying its normal load, and the attainment of this 
condition would even then be dependent on the accuracy 
of the mechanical work at the joints. 


The camber movements were regularly and carefully 
observed by the Phoenix Bridge Co.’s engineer in charge 
of survey work, and Mr. Deans states that these obser- 
vations agreed closely with the expected movements as 
calculated by the designing engineers. 


The adopted scheme of erection was carefully worked 
out in all details before the work of erection began. The 
results of this study were embodied in a book of field 
instructions, copies of which were furnished to the prin- 
cipal foremen on the work and to the representatives of 
the Quebec Bridge Co. These instructions were impera- 
tive and were not departed from or varied without ap- 
proval of the Phoenix Bridge Co. at Phoenixville. 


Mr. Kinloch, in his evidence, referring to these in- 
structions, said: ‘‘In fact, you had only to follow in- 
structions and the thing would get there itself if you 
followed the lines laid down.” This statement coming 
from a bridge erector of Mr. Kinloch’s experience is a 
tribute to the completeness of the prearranged system of 
erection. 


There can be no doubt that the camber probiem in the 
Quebec bridge was much more difficult than in ordinary 
structures on account of the magnitude of the bridge 
and the great size of its members. 


The actual work of erection of the bridge began July 
22, 1905, and continued for that season until Nov. 24. 
This work comprised six panels of the south anchor-arm. 

In 1906 erection was commenced April 16 and continued 
until Nov. 29. At the end of this season’s work the con- 
dition of all joints, as reported by Mr. Birks and Mr. 
Yenser, complied with the requirements of the Phoenix 
3ridge Co.’s instructions to their employees. At this 
date the anchor-arm and practically all of the cantilever- 
arm were erected. 

Work of erection was resumed May 1, 1907, and con- 
tinued until Aug. 29, the date of the collapse of the 
structure. At that date the fourth panel of the sus- 
pended span was in course of erection. 


Henry Horeare, Chairman. 
J. G. G. Kerry, 
J. .GALBRAITH. 


APPENDIX 11.—A DISCUSSION OF THE DIFFICULTIES THAT AROSE DURING 


ERECTION AND OF THE EVENTS AT THE TIME OF THE 
COLLAPSE OF THE STRUCTURE. 


The contract for the construction of the main spans 
was made conditionally on June 19, 1903, and finally ac- 
cepted by the Phoenix Bridge Co. on March 15, 1904. By 
the first of August, 1904, the assembling of materials for 
the falseworks on the south shore had commenced, and by 


the beginning of September, 1904, the erection of the . 


falsework was well under way. The wooden falsework 
for the supply tracks, and the steel falsework for the 
traveler and bridge trusses were erected simultaneously, 
not quite one-half of the falsework being put up before 
Dec. 1, 1904. The erection of the big traveler was com- 
menced, and the storage yard at Chaudiere was in work- 
ing order before the end of the season of 1904. 


Season of 1905—A considerable amount of material 
was delivered at the Chaudiere yard during the winter, 
but the work was not pushed in the spring of 1905 be- 
cause there was no rail connection between the bridge site 
and the Chaudiere yard. This connection was completed 
on July 9, 1905, at which time the framework of the big 
traveler was being completed, and the falsework had 
been erected to the main pier, but not finished. 

The equipment of the traveler was installed and the 
erection of the steelwork was commenced at the anchor 
pier on July 22, 1905. By the middle of September, the 
lower chords of the anchor arm had been erected, the 
pedestals and feet of the center posts were being placed 


and the erection of the web members and upper chords 


had commenced. By the end of the season, six panels of 
the anchor arm, out of a total of ten, were in place. The 
weight of metal erected during each month is given in 
the monthly estimate of the chief engineer, the total 
amount erected during 1905 being about 10,500,000 Ib. 

The work during the season proceeded satisfactorily 


both to the Phoenix Bridge Co. and the Quebec Bridge 
Co. There were some difficulties, which are described in 
the evidence. The more important of these were as fol- 
lows: : 

ite ae 


4 


Fietp CorREcTIONS, 1905.—The “field” filed notices of 
21 corrections and alterations with the ‘“‘office’” of the 
Phoenix Bridge Co.’s erection department. These files 
up to Aug. 29, 1907, all concern minor alterations that 
would facilitate erection, but do not call for comment. 


Cuorp A 9-L.—In April, 1905, this chord had a severe 
fall while being handled in the Chaudiere yard. One of 
the hooks that were being used in raising it broke, and 
the whole chord fell, one end striking on a yard plate 
lying on the ground, and the other on a pile of eyebars. 
The drop was 5 ft. at one end and about 3 ft. at the 
other. The chord struck in such a way that any resulting 
bend would have been at right angles to the deflections 
measured on Aug. 27, 1907. Two lower flange angles 
were broken. This chord was repaired in July, 1905, in 
accordance with drawings received from Phoenixville, and 
to the satisfaction of the Quebec Bridge Co. We have 
examined these repairs since the fall of the bridge, and 
we find nothing to justify us in connecting them with the 
disaster. Whether the chord was strained by its fall 
so that it afterwards bent more readily under stress is a 
matter of conjecture that cannot be settled. A discussion 
of the failure of chord A 9-L under less than its working 
load will be found in Appendix No. 16. 


PAInTING.—There was some discussion because the 
designs were such that water and snow could lodge in 
many pockets of the steelwork, and that other parts of it 
were inaccessible for future painting. Mr. Hoare consid- 
ered that this was an “oversight” on the part of both the 
Phoenix Bridge Co. and Mr. Cooper, and on Mr. Kin- 
loch’s advice insisted on its being remedied. No changes 
were made, but better provision for painting was arranged 
for in the members not yet built. 


Masonry.—It was found necessary to delay the placing 
of the pedestals until the surface of the masonry upon 
which they were to rest was dressed level. Mr. Cooper 
would not permit the use of a lead plate under the 


pedestal, and had pieces of duck, heavily coated with red 
lead, used instead. 


MAIN SHOE RIGHT TRUSS.—On placing this in position 
it was found that the bottom did not bear evenly on the 
pedestals, there being an opening parallel to the bridge 
center line about 4 ft. wide and perhaps 3/16 in. high at 
the maximum. It was decided that this would close as 
the weight on the shoe increased, but this closing had 
only partially occurred up to Aug. 29, 1907. The shop 
inspector (Mr. McLure in this case) states that no warp 
existed in the finished pieces in the shop, and that it 
must have béen caused by handling and transportation. 
The matter does not call for further comment. 


Lower CHorp Brenps.—It was noticed by Mr. Kinloch 
that lower chords A 1-R, A 2-R, A 3-R, after they were 
set, and before any stress came on them, did not look 
straight, but were wavy to the extent of perhaps % in. 
He discussed this matter with Messrs. Birks and McLure 
and it was decided that it was of no importance. It was 
also noted early in September, 1905, that the openings 
at the lower chord splices did not correspond exactly with 
the erection diagram (Exhibit 60), “but seemed to aver- 
age up about the same,’’ and also that the inside ribs of 
chords at splices 1,and 2 did not line up well. 


Season of 1906.—In 1906, erection commenced on April 
16, and the south anchor-arm was all in place, with the 
exception of some decorative details, by June 27. Erec- 
tion continued on south cantilever-arm and this was 
completed, with the exception of some connecting pieces 
between it and the suspended span, before work was 
closed down for the year, on Noy. 26. The total weight 
of metal erected during this season was about 21,000,- 
ooo Ib. Work on the north shore commenced about the 
middle of July, and a small portion of the falsework was 
in position by the end of the season. 


During this season few difficulties occurred, and these 
were of a kind usually met with in all large work. The 
following quotation from 'Mr. McLure’s report to Mr. 
Cooper, under date of July 21, 1906, gives a fair idea 
of the conditions existing on the work: “The whole 
policy of the Phoenix erection department seems to be to 
make things safe and take no chances, which is a very 
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satisfactory one to us, and in pursuance or this, every- 
thing is being bolted up in full in cantilever-arm, with the 
largest size bolts the holes will take, post and chord 
splices, main and sub-diagonal splices as well as all lateral 
and transverse bracing connections.” 

Fie_tp CorrECTIONS, 1906.—Fifty corrections and altera- 
tions were reported by the “‘field’’ during this season, 
none of them being of a serious character, so far as the 
safety of the bridge is concerned. 

PainT1ING.—The field inspector for the Quebec Bridge 
& Ry. Co. recorded many minor defects both in the ar- 
rangements for future painting and with regard to the 
shop painting that had been done. There are few bridges 
built upon which this difficulty does not arise. 

CEenTER Post.—Section No. 6 of this post in the Quebec 
truss (C P, 6-R) was injured while being handled in the 
Chaudiére yard in April, the outstanding leg of one of 
the flange angles of an inner rib being broken through 
the slipping of a hoisting chain. This break was repaired 
during the summer in accordance with plans drawn by the 
Phoenix Bridge Co. and to the satisfaction of the Quebec 
Bridge Co.’s inspectors. There is no evidence to show 
that this break was a cause of the collapse of the bridge. 
On June 2, Mr. McLure reported to Mr. Cooper that the 
bearing surfaces at the top of C P, 1, both R and L, 
were not even and would not give a good bearing to the 
center post caps, these surfaces being made up of the tops 
of the posts themselves and of two brackets attached to 
each. Mr. Cooper immediately wired Mr. Hoare as fol- 
lows: “Do not allow posts C P, 1 erected until top is 
made level. Notify McLure.” Mr. Hoare immediately 
issued instructions to this effect. The Phoenix Bridge 
Co, sent Mr. Scheidl to check Mr. McLure’s measure- 
ments, and the defect was finally made good in accordance 
with Mr. Cooper’s detail instructions to Mr. McLure. 
The fault lay in the fitting of the brackets and in facing 
of the posts by the planer. Mr. Cooper considered such 
workmanship to be disgraceful, but the defects, as stated 
to him, were rather exaggerated owing to the methods of 
the measurement adopted by the inspectors. 

Compression Memeers.—On July 20, Mr. McLure 
wrote to Mr. Edwards as follows: ‘On a number of the 
compression members that we have erected—particularly 
on three or four anchor-arm bottom chord sections, in 
chord 621 8L (south cantilever-arm, bottom chord) and in 
main diagonal sections for both anchor and cantilever 
arms (T5 and Ts50) and on 621 S P-5 sections (south 
cantilever-arm sub-posts) especially the latter—in sight- 
ing from end to end, the webs in places are decidedly 
crooked, and show up in wavy lines apparently held that 
way by the lacing angles. This makes a very bad appear- 
ance, for a person seeing a member like that and knowing 
it to be in compression, would at once infer that it had 
veen over-strained sufficiently to bulge the webs. As to 
its actual effect in the number of cases I have figured 
out there is no possibility of these causing trouble, as long 
as the lacing in the members in question is intact.’”’ On 
Sept. 22, Mr. McLure reported to Mr. Cooper a deflec- 
tion of % in. in a distance of 36 ft, and of % in. in a 
distance of 17 ft. in the upper section of post 3-L, canti- 
lever-arm’ (621 U P 3-L). Mr. Cooper replied that he 
did not like the distortions, but did not see that anything 
could be done at that stage. No effort was made to cor- 
rect any of these irregularities, all of which were due 
either to shop errors or to racking in transportation. We 
do not connect these undoubted faults immediately with 
the disaster. 

Removat or Steet Farseworx.—In August, 1906, the 
Phoenix Bridge Co. issued instructions covering the re- 
moval of the steel falsework bents under members T. O. 
and P. I. anchor-arm. The draft of the instructions 
showed that the Phoenix Bridge Co. expected the por- 
tions of the anchor-arm near the main pier to lift first, 
as the weight erected on the cantilever-arm increased, but 
desired, for convenience of erection on the north shore, 
to take down the bents near the anchor pier as soon as 
possible. On-+Sept. 15 Mr. McLure reported these in- 
structions in detail to Mr. Cooper and asked him for 
directions concerning the matter; he also reported that 
no lifting was yet visible at any point in the, anchor- 
arm. On Sept. 17 Mr. Cooper directed Mr. McLure to 
permit the removal of the falsework, provided he was 
satisfied that the remaining bents would not be over- 
loaded. On Sept. 29 Mr. McLure reported that E. P. R. 
had lifted clear of the falsework and on the same day 
it was noticed that T O O O-R was free. After discus- 
sion in the “field,” the blocking under T 5-Z, both R and 
L was lowered % in., T 5 Z-R then swinging free. On 
Oct. 2 Mr. Cooper advised Mr. McLure that he thought 
the intermediate bents were too high and that he should 
examine them for evidences of extra loading and have 
them slacked down. “The whole must be rather a 
matter of careful observation and judgment rather than 
any reference to theoretical lines.’ Mr. Cooper read 
this letter to Mr. Szlapka and during the following week 
the blocking under T 5 Z, P-4 and T O O OO was 
lowered on orders from Phoenixyille. As this was done 
without notice to Mr. McLure, who had received Mr. 
Cooper’s instructions about the falsework, he immediately 
protested against this failure to recognize the inspectors 
of the Quebec Bridge Co. A short and rather sharp 
controversy arose over this, which was closed on Oct. 
20 by a personal letter from Mr. Hoare to Mr. Deans, 
before quoted, in which Mr. Hoare very definitely asserts 
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the importance of Mr. McLure’s position as a represen- 
tative of Mr. Cooper and himself and makes it clear 
that mo important steps are to be taken in the future 
without Mr. McLure’s knowledge: 


“Quebec, Oct. 20, 1906. 
HE COMMISSIONERS OF THE TRANS-CONTINENTA Y. 
op GC ss Trans-C u R 


“Dear Deans: I wish to send you a few personal 
lines on the following matter. Mr. McLure showed me 
a letter dated Oct. 5 written by him to Mr. Milliken re- 
specting the relieving of steel falsework bents under 
anchor-arm without giving, him notice of such a pro- 
cedure in order that Mr. Cooper first and then myself 
be previously notified. Mr. McLuré has specific instruc- 
tions to notify Mr. Cooper of any important procedure 
and receive in return any instructions that may be neces- 
sary. I fancy changes were made from Phoenixville to 
relieve the falsework. Mr. MclLure, representing the 
bridge company’s officers not daily on the work, should 
have been immediately informed notwithstanding the 
fact that you considered your instructions perfectly cor- 
rect and safe. If Mr. MclLure had been informed in 
time he could have wired Mr. Cooper your intentions 
without any delay to the work. I entirely indorse his let- 
ter to Mr. Milliken and to’ you on the subject of yours 
of the 8th inst. to Mr. Milliken. 

“Both you and Mr. Milliken appear to have misunder- 
stood Mr. MclLure’s letter. He did not for a moment 
intend interference with erection orders from your office, 
but makes a plain request to be informed of important 
moves of the above nature, and not be ignored, in order 
that he may perform his duty and carry out his in- 
structions. JI regret your remarks on his lack of ex- 
perience, as it was uncalled for and is a reflection on 
the bridge company’s supervision, and instead of helping 
matters the tendency will be to ignore general inspec- 
tion orders which can be considered as given by me 
personally. Mr. McLure communicates daily with me 
and weekly with Mr. Cooper to receive instructions when 
necessary. I am writing you a personal and friendly 
letter which I hope will receive your usual generous con- 
sideration by seeing that Mr. McLure is better informed 
in future by your chief representative on the work of 
any proceedings of importance or of the nature referred 
to. Yours truly, o 

(Signed) ‘“E. A. Hoare.” 


In the week ending Oct. 29 T 5 Z, P 4, T O O and 


E P were reported as free from the falsework and in- 


the following week the blocking at TO O P2,TOOO 
and P 3 was lowered, P 1 swinging clear while this 
was being done. By Nov. 3 only T O O and P2 werest. 
bearing and, by further lowering of the blocking, the 
whole truss was set free before Nov. 28. This record 
shows clearly that the right truss rose more quickly than 
the left truss and that the center of the anchor-arm re- 
mained resting upon the falsework for the longest time. 
In his evidence Mr. Cooper has expressed the opinion 
that the blocking near the center was left too high and 
that it acted as a fulcrum, permitting E P and T O to 
lift from the falsework at an early date, whereas, theo- 
retically, they should have been the last to lift. He sug- 
gests that this condition may have produced an undue 
and unprovided-for strain on the anchor-atm splices. 
There is no evidence that any serious action of this 
nature took place, Mr. McLure having been unable to 
observe any signs of stress at the suspected points, and 
no deformations in a vertical plane being anywhere on 
record. In our opinion the failure of the Phoenix Bridge 
Co. to more closely aayust the blocking of the truss to 
its movements was an error of judgment, as the stresses 
produced by the gradual working of the truss are not 
calculable and the movement should be made as free as 
possible. 

The Commission has been unable to satisfactorily de- 
termine the respective duties of Mr. Hoare and Mr. 
Cooper, their real positions being perhaps better brought 
out by the events of 1906 than by any other evidence. 
According to Mr. Deans Mr. Cooper had to approve all 
plans, but all other authority was vested in Mr. Hoare, 
and this opinion Mr. Deans continued to hold through- 
out the work. According to Mr. Parent Mr. Hoare was 
practically an executive officer acting in all technical 
matters on the direction of Mr. Cooper, who was, de 
facto, chief engineer. Mr. Cooper himself has stated 
that the erection plans were not subject to his authority 
and has disclaimed any responsible connection with the 
inspection either in the shop or in the field. With few 
exceptions, all his directions are advisory and not im- 
perative, and he seems to have endeavored throughout 
to avoid encroaching upon the privileges and rights prop- 
erly pertainipg to Mr. Hoare’s position. He gave fre- 
quent directions to both Mr. McLure and Mr. Edwards 
on technical matters, but throughout the construction 
period (August, 1905, to August, 1907) he had practically 
no correspondence with Mr. Hoare. Mr. Cooper’s opin- 
ions, when given, were accepted by the inspectors as in- 
structions. The impression left with us is that through- 
out the work Mr. Cooper was in the position of a man 
forced in the interests of the work to take responsibility 
which did not fully belong to his position, and which 
he was not authorized to take, and that he avoided the 
assumption of authority whenever possible. 

Such an organization cannot from an executive stand- 
point be considered entirely satisfactory. Mr. Yenser 

» 
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closed the season of 1906 with the following report: 
“New Liverpool, P. Q., Nov. 30, 1906. 
“Tue PHOENIX Brince Co., 
“Phoenixville, Pa. 
“GENTLEMEN? 
“SOUTH SIDE. 

“T beg to report to-day that all the bolting is fully 
completed on all metal erected in accordance with your 
instructions. 2 

“The work for closing down for the winter is nearing 
completion. The traveler has been unrigged and all 
tools are properly stored. The engines on the traveler 
are’ housed and the shelters are now being covered with 
tar paper. ‘ 

“The storage yard is closed and the locomotive put 
away. 

“The large scow has been beached and preparations 
for putting the small scow in winter quarters are under- 
way. 

“A general report will be sent you at the entire clos- 
ing for the season. Yours truly, 

(Signed) ‘“‘B. A. YENSER.” 

Season of 1907,—Work for the season of 1907 began 
in March, it being necessary to have a yard prepared to 
receive material on the north shore by early spring. 
The yard was located at Belair, close to the junction of 
the Canadian Pacific and National Transcontinental Rys. 
Work on the trusses began on May 1, but until May 
31 was confined mainly to riveting. Using the big trav- 
eler, the connecting links between the cantilever-arm and 
the suspended arm were put in, and the smaller traveler 
was built. On July 13 tlie erection of the suspended 
span was commenced, the small traveler being used, and 
the dismantling and removal of the big traveler was 
begun. Both of these operations were in progress when 
the bridge fell on Thursday, Aug. 20. 

On the north shore work continued at a leisurely rate 
from about May 15 until the day of the accident. The 
north shore falsework was not fully erected by that date, 
there being no reason to hurry, because rail connection 
could not be obtained. . 

During this season less than 3,000,000 lb. of metal was 
erected. The last progress estimate (August, 1907) 
showed that about 34,400,000 Ib. in all had been erected. 

RivetinG.—It had been intended to delay much of the 
riveting of the structure until the erection of the south 
half of the bridge was completed and all joints had their | 
full stress; but at a meeting between Mr. Cooper and Mr. 
Szlapka, on May 10, it was decided that riveting could 
be done at once at all joints where the connecting pieces 
had taken their full bearing. The estimate of the amount 
of field riveting in the south half of the bridge was as 
follows: A 


Part of bridge. No. of rivets. 


Anchor-arm and center posts...........- 121,000 
Cantileyer-antty ith <idtaalap. x sheiele acai aiatesteiets 98,700 
South half of suspended SPAM genes Faia asinine 53,300 

ROCA ete tera eis may cet Mea foe, Parte ne 273,000 


Some minor riveting was done in 1905, and in 1906 the 
joints of the floor beams and those near the anchor pier 
were riveted, but the bulk of the riveting was not started 
until 1907. Drawing No. 7 shows the dates on which the 
joints of the main trusses were riveted. The following 
table shows the number of rivets driven during the periods 
specified : 


No. of 

Period. rivets driven. 
IBAA G oN all (oX) tee a er eR hn aE a HER ee a3 7,807 
aan LOOO A shasta os MAI oe ee 46,301 
a SES Ae ea Porat a tent ee te oR eres ey 5 ae bleaa a 
3: ifteatYomntkoy Amn ecatiecen due dec ay abd on 26,512 
in iSuiliys, DOO Vs dla ta heitlercea sara ake here eee 38,9017 
i August, 1907 (not including Aug. 29)... 28,019 
SIC eV TS 20 ca!ig an gp sez! se ce teecttect corte wera cen Peete! Sk cael Cer ae 179,073 


On Aug. 3 Mr. McLure reported that the anchor-arm 
was go per cent. riveted, although the bottom lateral 
braces in panels 6, 9 and to were not riveted; and that 4o 
per cent. of the riveting on the cantilever-arm was done. 
At the same date the lower chord splices at 5-6, 9-10 and 
10-11 were the only chord splices in the anchor-arm re- 
maining unriveted. Throughout the season the work pro- 
ceeded satisfactorily; there were practically no difficulties 
until after Aug. 1. 

Fourteen corrections and alterations were reported by 
the ‘‘field’’ to the office of the erection department. The 
surveys in May show that the truss had stood up very 
well throughout the winter, the movement of the center 
posts being trifling, indicating that the stresses then ex- 
isting were well within the strength of the members. On 
July 20 a wooden derrick that was being used in the dis- 
mantling of the big traveler was struck by lightning. 
The derrick mast was shattered, but no other damage 
was done. 

The difficulties with the lower chords that finally re- 
sulted in the collapse of the bridge were noted early in 
the season, but those first observed were considered to be 
of no minor importance. The joints between lower chords 
5 and 6, anchor-arm, remained open 1/16 in. on the lower 
side, long after the others had closed. They finally closed 
shortly before the disaster, and on Aug. 29 were being 
riveted. No explanation has been offered of the slow 
closing of these joints, and from their nearness to the 
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falsework bents at T O O and P 2 it is possible that the 
pressure of the falsework may have had something to do 
with this. 

On June 15 Mr. Met saie reported to Mr. Cooper as fol- 
lows: ‘In riveting the bottom chord splices of south 
anchor-arm we have had some trouble on account of the 
faced ends of the two middle ribs not matching, as per 
following sketch. (The sketch shows that at the lower 
sides the middle ribs of the abutting chords were out of 
line by % to % in., this offset decreasing to nothing 
neat the mid depth of the ribs.) This has occurred in 
four instances so far, and by using two 75-ton jacks we 
have been able to partly straighten out these splices, but 
not altogether. These were probably in this condition 


cover plate, it was then impossible to detect them, and it 
was ohly when this plate was removed for riveting that 
the inequality was noticed. The chords found in this 
shape were between 3 and 4, 7 and 8, and 8 and 9g in east 
truss,) and 8 and 9 in west truss. You will note that this 
occurs only on inside ribs, which are provided with but a 
single thin splice plate each. I think that a heavy plate 
on each side of these ribs, bolted up tight when chords 
were erected, would have remedied this—i. e., drawn the 
ribs together till the ‘faced ends matched.’”’ Mr. Cooper 
replied on June 17, saying: ‘‘Make as good work of it 
as you can, It is not serious. It would be well to draw 
attention to as much care as possible in future work to 
get the best results in matching all the members before 

the full strains are brought upon them.” 
It should be noted that of the four joints mentioned, 
% those between chords 3 and 4, and 7 and 8 had originally 
been opened at the lower side and had come together by 
“camber” movement; but the 8 and 9 joints had been set 
with the lower edges abutting. During the first stages 
of erection the upper edges of all the ribs at a joint were 
exposed to view, as the upper cover plate was not in 
place. Mr. Kinloch, to whose practical knowledge of 
bridge work and powers of observation much of the ex- 
cellence of Mr. McLure’s reports is due, states in his 
evidence that he observed gaps between abutting ribs as 
great as 1/32 in., due to irregular finish of the planed ends 
of the chords. In examination of the material in Belair 
yard the commissioners found irregularities of workman- 
ship which would account for the conditions described 
above, and, in our judgment, these could have beer 
avoided only by matching the chords together in the shop 
previous to shipment. The small gaps between abutting 
ends of chords closed as the pressure on the chords in- 
creased, with no result other than producing irregularity 


. 


> 


: _ of stréss, but the lateral deviations had to be corrected by 
the use of jacks. 
As Mr. Cooper in his evidence has expressed the 


opinion that these lower chord joints were, during erec- 
tion, the weakest and most hazardous part of the structure 
and that they suffered from lack of appreciation of the 
necessary care to be given them, it is advisable to closely 
review all evidence concerning them. The chords con- 
sisted of four deep and narrow ribs latticed together and 
finished with square ends, so that the pressure might be 
transmitted from one chord to the next by contact of the 
abutting ends. Under the system of erection adopted it 
was possible to place the adjoining chord ends in contact 
only at either the upper or lower edges, and it was ex- 
pected that the chords would gradually turn during the 
settlement of the bridge until the end surfaces came 
fully in contact, as is more fully described in appendix 
No.’10. This expectation was realized. The adjoining 
chords were held together by eight splice plates, an upper 
and a lower horizontal plate, two vertical plates on each 
outside rib and one vertical plate on each inner rib. 
The order of erection required that the lower plates should 
be put in position before the next chord was set; the 
vertical plates were next placed, and the erection of the 
joint wds finished by bolting on the upper plate. Owing 
to the erection angle at the joint it was possible to use 
full-size bolts on only one horizontal plate and on one 
edge, either upper or lower, of each vertical plate. The 
instructions with regard to the bolts were very definite 
and read as follows: ‘All bottom chords to have two- 
thirds of all holes of web splices filled with 1-in. bolting 
on the outer ribs, and %-in. bolts on the inner ribs, or 
their equivalent in smaller bolts or drifts. For top splice 
plate apply rule (1), (this requires that every hole shall 
be filled with a bolt), and never take off splice plate again, 
. not even while driving rivets in web splices. Bottom 
splice plate to be bolted with bolts (two- -thirds value). 
While driving rivets in web splices of chords remove 
bottom splice plate and bolt across flanges temporary 
angles to keep flanges in place.’”’ Owing to the camber 
openings at the joints, it was found necessary in some 
cases to use %-in. bolts, as no longer bolts could enter 
the holes in their erection condition. 

The evidence shows that these instructions were carried 
out, but not with a full appreciation of their importance. 
Mr. Birks, who was admitted by all witnesses to have 
been an exceptionally accurate and painstaking inspector, 
examined all the bolting towards the etid of the season of 
1906, this examination being made on direction of Mr. 
Deans, and at the express request of Mr. Reeves, the 
president of the Phoenix Bridge Co. He reported as 
follows: . 

“All bottom chords splices in anchor-arm—top plate 
ied bottom “plate: and webs, 67 per cent; all joints 


when erected, but, owing to the presence of the bottom | 


. 
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bolted as per instructions,’ and also ‘‘all chords in the 
first five panels of the cantilever-arm top plate full, rest 
67 per cent.” Mr. McLure’s report about bolting has 
already been quoted, and Mr. Kinloch, in his evidence. 
states that the Phoenix Bridge Co.’s instructions about 
bolting were fully obeyed, but that he personally did not 
pay much attention to the bolting of the bottom cover 
plate, as he knew that it had to come off during riveting. 
Beauvais, the riveter, in his evidence, casts some doubts 
upon the inspectors’ reports, and we are of the opinion 
that the top and bottom cover plates and the splice plates 
for the outside ribs, all of which could be readily seen by 
the inspectors, were correctly bolted, but there may have 
been some cases of insufficient bolting on the inside ribs. 
Such cases were, we think, rare, It was intended that, 
as the camber openings closed, the smaller bolts should 
be taken out and repiaced by larger bolts on all outside 
plates, the inner plates being difficult of access until the 
bottom cover plate was removed. This idea does not 
seem to have been followed in practice to any extent, nor 
is there any evidence to show that the bolting was sys- 
tematically tightened up, as it worked loose with the ad- 
justment of the structure. The evidence also shows that 
the bottom cover plates were left off during the whole 
period of riveting a joint (usually from ten days to two 
weeks), and that in the case of 7-8]. cantilever-arm this 
plate was off for nearly the whole month of August, 
1907. We must therefore conclude that the splice plates 
at the joints were rather loosely attached and that the 
importance of rigidity at these points strangely 
overlooked. 


was 


It should be noted that this system of bo%ted splices 
was a necessity, due to the method of erection adopted, 
but that there was no reason why the end details of the 
chords and the splice plates themselves should not have 
been much more strongly and rigidly designed. The erec- 
tion problem was unique in magnitude, particularly in the 
camber requirements, and the method followed by the 
Phoenix Bridge Co. closely corresponds <o that in general 
and successful use on smaller structures. It is open to 
criticism on theoretical grounds, and it is possible that 
other engineers might by other design serve the same 
ends; the problem in its dimensions is so entirely new 
that there is room for much study and invention in erec- 
tion methods for great structures. 


We know of no reason why the methods adopted can- 
not be successfully used, but the evidence shows that the 
Phoenix Bridge Co. failed to appreciate the important in- 
fluence that end details and splices had on the strength 
of the chords. Steps were not taken to ensure that the 
work was so handled that the maximum rigidity consistent 
with design was secured at these joints. Considering the 
circumstances, we know of no good reason why the rivet- 
ing should not have been much further advanced before 
the great stresses created by the erection of the sus- 
pended span were thrown upon the joints. The report of 
Mr. McLure, on Nov. 10, 1906, shows that all but eight 
of the forty lower chord joints were then closed and 
ready for riveting. Mr. Cooper has clearly stated that he 
did not consider that the erection methods were subject 
to his control, although the evidence shows that he was 
frequently consulted about them, both by Mr. Szlapka and 
by Mr. McLure. The erection problem in this case was 
of great importance, and the Quebec Bridge Co. did not 
place their interests under the direct and responsible con- 
trol of an experienced engineer acting solely on its behalf. 

Difficulties developed almost as soon as the erection of 
the suspended span got well under way. On Aug. 6, Mr. 
McLure reports as follows: 


“New Liverpool, P. Q., Aug. 6, 
“Mr. THEODORE Cooper, 
“Consulting Engineer, 
“45 Broadway, New York City. 


“Dear Sir: 


1907. 


“In riveting up the splice between chords 8 and 7 in 
the west truss of south cantilever-arm we found the con- 
dition of the inside ribs at splice as indicated in follow- 
ing sketch: (Drawing No. 30.) 


“Owing to the limited space between the two inside ribs, 
it would be impossible to jack this splice back, and as 
the condition is not nearly as bad at the top of the splice 
we have proposed putting a diaphragm between the two 
inside ribs to cover the first five rivets up from the bot- 
tom on each side of the splice, as indicated in red in the 
sketch above. The splice plates being riveted on the two 
inside ribs, it will be necessary to cut out and redrive 20 
rivets to do this. This provision, together with the top 
and bottom cover plates, should be sufficient to hold this 
splice against the thrust due to its being out of line, 
which thrust when under its maximum compressive stress 
I estimate at not over 60,000 lb. 


“The Phoenixville office is being notified of this plan 
and if they will approve will wire us. If this also meets 
with your approval, or if you’ wish to suggest another 
way to remedy the difficulty, will you. please wire me at 
St. Romuald, P. Q., care of Phoenix Bridge Co., as the 
riveting gangs are ready to finish riveting this splice. 


“Very truly yours, 
(Signed) “N. R. McLure.” 


Upon racekpt of this letter, Cooper wired the 
Phoenix Co. as follows: ; 


Mr. 


“New York, Aug. 8, 1907. 
“PHOENIX BrinGE Co., 

* ‘“Phoenixville, Pa. 

“Method proposed by Quebec for splicing joints of 
lower 7 and 8 chords is not satisfactory. How did bend 
occur in both chords? 

(digned) “THropore Cooper.” 
and wrote Mr. McLure on Aug. 9 as follows: 
, “New York, Aug. 9; 1907: 
“N. R. McLureg,, Esg., t 
“Insp. for Erection, Quebec Bridge, 
“New Liverpool, P. Q. 
“Dear SIR: 

“Yours .of the 6th regarding bent comeick: <6! lower 
7 and 8 chord joint came yesterday. I wired:Phoenix 
that the, proposed method, as sketched by you, for repair- 
ing was not satisfactory. Also asked, what you should 
have reported, how did both these chords get bent? 

“In my opinion, these webs can be brought back. to 
proper line by use of 15 to 2o 1-in. bolts, threaded at 
both ends for nuts passing through the two webs of that 
half _of chord. Of course, means must be taken to 
stiffen the straight web against its bending when the bolts 
are tightened. 

“Tf necessary, after getting the bent webs in line, to 
hold them, spacers and possibly some through bolts may 
be used. 

“Some more satisfactory method than the one shown in 
your sketch must devised. 

“Mr. Deans telegraphs that upon Mr. 
he will give me fuller facts. 

* Yours truly, 
(Signed) “THEODORE. COOPER.” 

Then the following telegram received from Mr. 

Deans: 


Szlapka’s return 


was 


“Phoenixville, Pa., Aug. 9,):1907. 
“THEODORE Cooper, 
“Consulting Engineer, 
“45 Broadway, New York. 

“Mr. Szlapka happened to be at bridge site yester- 
day; expect him home to-morrow with full information 
concerning chord joint; will then write you fully. 

(Signed) “Jno. STERLING DEANS. 


To whieh Mr. Cooper. replied: as: follows: 


“New York, Aug. 9, 1907. 
“Joun STERLING DEANS, 
“Chief Engineer, Phoenix Bridge Co., 
“Phoenixville, Pa. 
“Dear Sir: 
“Your telegram regarding chord joints at hand. The 


method proposed as sketched by Mr. McLure is not satis- 
factory, as telegraphed yesterday. 

“These bent webs can be pulled back by use of about 
I5 or 20 1t-in. bolts (in 11/16-in. holes) threaded at 
both ends for nuts, passing from the outer to the inner 
bent web. The outer straight web being stayed in some 
manner against its bending. 

“Tf the bent webs, after being pulled in‘o line, tend 
to go back when released from the bolts, stays must be 
introduced to hold them in position. Possibly it may be 
necessary to permanently rivet in some of these 
bolts. 

“Please let me know what method you propose to use. 

“Tt is a mystery to me how both these webs happened 
to be bent at one point, and why it was not discovered 


I-in. 


sooner. “Very truly yours, 
(Signed) “THEODORE CooPER.” 
On Aug. 10, Mr. Deans wrote as follows: 
“Phoenixville, Pa., Aug. 10, 1907. 


“TrroporRE Cooper, EsqQ., 
“Consulting Engineer, 
“45 Broadway, New York. 
“DEAR SiR: . 

“Splice cantilever chords 7 and 8. 

“Mr. Szlapka did not return to-day as expected; -but 
will no doubt be here on Monday, when we will, write 
you at once. “Yours truly, 

(Signed) “Jno. STERLING DEANS.,”’ 
Deans wrote as follows: 


and on r2th Mr. 


“Phoenixville, Pa., Aug. 
“THEODORE COOPER, 1SQ., 
“Consulting Engineer, 
“45 Broadway, New York. 
“Dear Sir: 

“Chord splice south cantilever-arm, 7 L and 8 L. 

“Mr. Szlapka reached the office this morning, and I 
am able to give you information in connection with this 
one joint. 

“All ribs of the chord 7-L have a complete and full 
bearing on ribs of 8-L. The bend was, no doubt, put in 
the rib in the shop before facing, and was probably done 
when pulling the ribs in line to make them agree. with 
spacing of these ribs and the clearance between ribs, 
called for on the drawing. The bend being on only one 
rib of one chord, there being a full bearing over the en- 
tire rib, all splice plates being readily put in position, we 
do not think it necessary to put in the diaphragm, sug- 
gested by the erection department. 

“Please let us hear from you on this subject promptly, 


12, 1907. 


and. oblige, “Yours truly, 
: (Signed) “Joun Srertine Deans, 
; : “Chief Engineer.” 
On -Aug. 13, in reply to Mr. Deans, Mr. Cooper wrote 


as follows: 
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“New York, Aug. 13, 1907. 
*JoHN STERLING Deans, Esq., 
“Chief Engineer, Phoenix Bridge Co., 
“Phoenixville, Pa. 
“Dear Sir: 

“The information regarding chords splice 7 and 8 L is so 
different from the dimension sketch sent by Mr. McLure, 
I can take no action on this matter till the exact facts 
are presented. Please have your resident engineer and 
Mr. McLure re-examine this joint and send me exact 
condition of this rib as to the amount of the bends and 
relation of the bearing surfaces to each other. 

“T don’t see how one rib being bent only, as stated in 
your letter, there can be a complete and full bearing of 
these ribs. 

“Neither can I understand how pulling the ribs into 
line at the shop could bend it out of line. 

“T will write Mr McLure to-day to have a further 
investigation of this joint and to report as promptly as 
possible. 

“Yours very truly, 
(Signed) “THEODORE COOPER.” 

And on the same day Mr. Cooper wrote Mr. McLure: 

“New York, Aug. 13, 1907. 
“N. R. McLureg, Esgq., 
“Insp. for Erection, Quebec Bridge, 
“New Liverpool, P. Q., Canada. 
“DEAR SiR: 

“Mr. Deans writes me that only one rib at joint 7 and 
8 L is bent and still that there is a full and complete 
bearing, that the bend was no doubt put in the chord in 
the shop before facing. 

“T have asked him to instruct his resident engineer to 
join with you in making an exact report, with dimensions 
of the conditions of this joint, with amount of bearing, 
and if it isa square bearing or askew. 

“In reference to the splicing of T-5 and T-50, men- 
tioned in your letter of roth inst., I do not care to inter- 
fere with the regular programme, as I have not followed 
the various actions of the loadings at different stages, 
without going into it carefully. I think there will be more 
compression at these joints with more of the suspended 
span in place. 

“Please report promptly regarding joint 7 
with all the facts. “Yours truly, 

(Signed) “THEODORE COOPER.”’ 

Mr. Deans wrote Mr. Cooper on the 14th as follows: 

“Phoenixville, Pa., Aug. 14, 1907. 
“THEODORE Cooper, Esq., 
“Consulting Engineer, 
“45 Broadway, New York. 
“DEAR SIR: 

“Chord splice 7 and 8 L. Your letter Aug. 13. 

“T will have a full and complete report made of this 
joint by Mr. McLure and Mr. Birks and submit it to you 
earliest possible moment. 

“Yours truly, 
“JoHN STERLING DEANs, 
iG (bree, 
“Chief Engineer.” 

On Aug. 14th Mr. Cooper received the following letter 

of the 12th from Mr. McLure: 


“New Liverpool, P. Q., Canada. 
“Mr. THEODORE COOPER, 
“Consulting Engineer, 
“45 Broadway, New York. 
“DEAR Sir: 

“TI beg to acknowledge the receipt of your letter of 
Aug. 9, and have noted what you say regarding the method 
of repairing splice between chord 7 and 8 cantilever-arm 
west truss. We will not do anything with this then until 
the matter has been arranged between yourself and Mr. 
Szlapka. 

“The reason I did not report at first as to how these 
chords got bent was because there were many different 
theories here as to the cause, no one of which I was at 
that time ready to accept. One thing I am reasonably 
sure of, and that is that the bend has occurred since the 
chord has been under stress and was not present when 
the chords were placed. This being the case the cause of 
the bend ‘would seem to be the slight overrunning in 
length of the bent rib in either chord 7 or 8. Owing to 
the fact that these chords are faced on the rotary machine, 
the four ribs at once, this would at first seem to be out 
of the question, but it seems to me that after the first 
end of a chord has been faced in turning it with the 
crane to bring the other end into position for facing, it 
might be possible for one rib to work slightly by the 
others longitudinally, without being noticed, and in spite 
of the latticing, and thus cause a slight difference in 
length. In fact, in taking the opening in the chord splices 
on the south anchor-arm, it has often been noticed that 
a considerable variation existed between the openings of 
the different ribs at the same splice, which difference I 
was not able to account for except by the above theory, 
that during transportation, and in the handling before 
erection, some of the ribs have worked slightly in a longi- 
tudinal direction by each other. In the case in question, 
of course, this must have happened between the time of 
facing one end and the other. If this is correct, then it 
will be a pretty hard matter to draw the splice back into 
the line with bolts, and our idea in suggesting that 
diaphragm was to prevent this eccentricity from increas- 
ing, rather than to correct that already there. 


and 8 L 


(Signed) 


‘element had been lost, 
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“As I had supposed, the strike in force for the last 
three days of last week has been settled and work was 
resumed again this morning. A meeting of the ‘union’ 
was held Saturday night and enough of the discontented 
so that when the matter was 
brought to a vote the majority were found to be in favor 
of returning to work under the original agreement. Those 
who were not in favor of returning to work, however, 
are now leaving, so that our force is reduced greatly on 
both sides of the river. . 

“Since writing the above I have discovered that splice 
between chords 8 and 9 on west truss of south cantilever- 
arm is in the same condition exactly as that between 7 
and 8, except that the bend is only 5/16 in. instead of 
% in. at the bottom, and runs out so that on top this rib 
is in line, as are the other three. 

“This is the same rib, and the bend is in the same direc- 
tion as that reported for the other splice. When it is 
decided in what way to treat the splice between chords 
7 and 8 we will repair that between chords 8 and 9 in a 
similar manner. 

“Yours very truly, 
“N. R. McLurs.”’ 


To this Mr. Cooper replied on Aug. 15 as follows: 
“New York, Aug. 15, 1907. 
“N. R. McLure, Esg., 
“Inspector of Erection, Quebec Bridge, 
“New Liverpool, P. Q., Canada. 
“DEAR SIR: 

“None of the explanations for the bent chord stand a 
test of logic. ’ 

“T have evolved another theory, which is a possible, 
if not the probable, one. These chords have been hit by 
those suspended beams used during the erection while 
they were being put in place or taken down. Examine 
if you cannot find evidence of the blow and also make 
inquiries of the men in charge. 

“Yours very truly, 
(Signed) ‘‘THEopoRE Cooper.” 


A further report was made by Mr. McLure on Aug. 16: 
“New Liverpool, P. Q., Aug. 16, 1907. 
“Mr. THeopore Cooper, Consulting Engineer, 
“as Broadway, New York. 
“Dear SIR: 


“Referring to your letter of the 13th, regarding splice 
between 8-L and 7-L on south cantilever-arm, you have 
no doubt by this time received my letter of the 1ath 
instant, giving my theory of the cause of this bend. 
These conditions are as indicated in my report of Aug. 
6 That Mr. Birks, the resident engineer for the Phoenix 
Bridge Co., reported exactly the same thing in some- 
what different language to Phoenixville, but Mr. Deans 
has evidently taken a different meaning from his report 
than was intended. He evidently thinks that only one 
rib of one chord is bent, whereas it is the same rib of 
each chord, as indicated in the sketch I sent you. There 
is really nothing to add to the two letters I have already 
written regarding this bend, except to say that all the 
four ribs have full bearing on each other, as indicated 
also in the sketch of Aug. 6. In order to verify our 
first reports Mr. Birks and I made a careful and more 
thorough measurement of this splice to-day, both top and 
bottom, and I am ‘inclosing a blue print of a sketch made 
as a result of these measurements. It indicates practi- 
cally the same condition as described in my first letter, 
except that it is given more in detail. 

“As to the cause of this bend, regarding which I 
wrote you on Aug. 12, Mr. Deans seems to think that 
it was put in the shops, but that is because he did 
not understand the conditions existing. Aside from the 
fact that it would be hardly probable that these two 
ribs of different chords sections should be bent the same 
way exactly the same amount in the shops to dimensions 
14 in. to 34 in. less than called for, I am reasonably 
sure, as I said before, that this condition did not exist 
before the erection of these chords, as I have personally 
inspected every member yet erected in this bridge thus 
far, except the bottom chords of anchor-arm on the cars 
just before the erection, looking particularly for bends 
in ribs of compression members, and whenever discov- 
ered have taken measurements of the amounts and re- 
corded them. If these ribs then had been this much 
out of line before erecting it would be well-nigh impossi- 
ble to miss seeing them. Consequently, the only way 
the bend could have occurred, it seems to me, is that 
reported in my letter of Aug. 12. 

“T trust that these explanations, 
sketch, will make the matter entirely clear. 
sending same sketch to Phoenixville to-day. 

. “Very truly yours, 
(Signed) “N. R. McLure.”’ 


with the inclosed 
Mr. Birks is 


* 


Mr. Deans also received a copy of this sketch and 
wrote Mr. Cooper on Aug. 20 as follows: 
“Phoenixville, Pa., Aug. 20, 1907. 
“VurroporE Cooper, Esg., Consulting Engineer, 
“45 Broadway, New York. 
“Dear Sir: 


“We have advice from your field that you received copy 
of* sketch No. 28 giving further details in connection 
with cantilever chords splice 7-L and 8-L. You will 
notice that the two chords have a perfect bearing with 
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each other at all ribs, both chords having one bent rib 
and not one chord only, as we first understood. 
“Yours truly, 
(Signed) “Joun Stertine Deans, 
“Chief Engineer.” 
To which Mr. Cooper replied on Aug. 21 as follows: 
“New York, Aug. 21, 1907. 
“Joun SrertinGc DEAns, 
“Chief Engineer, Phoenix Bridge Co., 
“Phoenixville, Pa. 
“Dear Sir: 

“IT received copy of sketch of joint 7 and 8-L two 
days ago. 

“T wrote Mr. McLure last week telling him none 
of the theories as to how this bending occurred were 
logical. That my theory was a blow on this rib after 
the two sections were in contact and that it probably 
was done in moving those suspended beams used in 
erecting. To examine carefully to see if he could find 
any evidence of this, he has not yet reported; he did 
report a similar bend at L-8 and 9 west truss in same 
rib, but of less amount. 

“T still believe this bend can be partly removed by use 
of long bolts, with threads at each end, outer rib being 
stiffened to prevent its bending. If it can be pulled 
nearer straight, stays or bolts must be provided to hold it 
against future movement. 

“T cannot consent to let it go without further action, as 
the rivets in the cover splices would not satisfy the re- 
quirements, to my mind. “Yours very truly, 

(Signed) ‘‘THEropoRE Cooper.” 

This’ letter was acknowledged by Mr. Deans on Aug. 23: 

“Phoenixville, Pa., Aug. 23, 1907. 
“TuEopORE Cooper, Esq., 
“Consulting Engineer, 
“as Broadway, New York. 
“DEAR SIR: 

“Joint 7-L and 8-L, south cantilever-arm. Referring to 
your letter of Aug. 21, I notice you expect to hear again 
from Mr. McLure. As soon as you have his report 
kindly let us hear from you again and oblige, 

“Yours truly, 
(Signed) “Jno. Stertinc DEANs, 
“Chief Engineer.” 
On Aug. 26 Mr. Cooper wrote the following letter: 
“New York, Aug. 26, 1907. 
“Joun STERLING DEAns, Esq., 
“Chief Engineer, Phoenix Bridge Co., 
“Phoenixville, Pa. 
“DEAR SIR: 

“Mr. McLure reports that he can find no evidence of 
the bent ribs ‘having been hit, and does not think they 
could have been struck. This only makes the mystery the 
deeper, for I do not see how otherwise the ribs could 
have been bent. 

“When convenient I would like to discuss with Mr. 
Szlapka the best means of getting these ribs into safe 
condition to do their proper work. 

“Yours very truly, 
; (Signed). ““THEopoRE Cooper.” 

This was acknowledged, Aug. 27 by Mr. Deans: 

“Phoenixville, Pa., Aug. 27, 1907. 
“TrEoporE Cooper, Esq., 
“Consulting Engineering, 
“45 Broadway, New York. 
Dear Sir: 

“Chord splice 7 and 8, cantilever-arm, south side. — 

“Replying to your letter of Aug. 20, I will have Mr. 
Szlapka call to see you first opportunity to discuss this 
question. He will wire you later the day he will be in 
New York. “Yours truly, 

(Signed) “Jno. SreRLING DEANS, 
“Chief Engineer.” 


This was the last that transpired with regard to the 
bent ribs at joint 7-L and 8-L, cantilever-arm, and it is 
plainly indicated that no one except Mr. Cooper looked 
upon this matter as serious or as indicating any constitu- 
tional weakness. It will be noted that the bends at 7 
and 8 were reported on Aug. 6, the bends at 8 and 9 
discovered on Aug. 12, and that both bends were in the 
west truss; that previously from time to time chords 
with ribs more or less wavy had been reported, and Mr. 
McLure gave it as his opinion that these bends were 
caused by stress since erection, because he was sure they 
were straight when erected, while Mr. Deans thought rhe 
bends were made in the shop. 

While Mr. Deans after Mr. Szlapka’s return gives 
certain information as to the bend in the 7 and 8 splice, 
Mr. Szlapka states that on his visit to the bridge he did 
not examine this splice, and further says that during none 
of his three visits to the bridge did he examine any 
chords, 

Mr. Kinloch states in his evidence that he did not 
notice the bends at the 7-L and 8-L joints when the 
bottom cover plate was first removed, and that he felt 
confident that these distortions took place after the re- 
moval of the cover plate. 

It seems clear from the above that Mr. Cooper’s state- 
ment that the delicacy of the joints was not sufficiently 
appreciated by the Phoenix Bridge Co. is substantiated. 
Mr. Szlapka was on the ground and made no special ex- 
amination in the matter, and Mr. Deans endeavored to 
throw the blame for the distortions entirely upon the 
shop work. No evidence has been shown to us to 


; 
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prove that Mr. Deans had any grounds for this assertion, 
and his inspector, Mr. Morris, was in possession of in- 
formation that indicated that there was no great proba- 
bility that such an error could have escaped detection. 
On Aug. 20 Mr. Kinloch discovered that chord 8-R of 
cantilever arm was bent, and afterwards found that 9-R 
and 1o-R also showed distortion. He called Mr. Birks’ 
attention to this conditon, but neither of them considered 
it of importance. Mr. McLure was ill and did not see 
these bends until several days after they were found (Aug. 
23), but Mr. Yenser was made aware of them. On Aug. 
23 the joint at chords 5 and 6-R of cantilever-arm was 
found to be off on one ‘center rib % in. at bottom, the 
offset running to nothing at top. Mr. 
chord 8-R daily for several days and imagined that the 
bend was becoming greater, all four ribs being bent, but 
not alike. 

The bend in chord 9-L anchor-arm was discovered about 
9.30 A. M., Aug. 27, to have greatly increased, it having 
been previously noted and being under observation. 
Owing to the fact that the 25th was a Sunday, and that 
there was practically no work done on the 26th, it is 
doubtful whether this chord was examined between the 
24th and 27th. 

Mr. Kinloch, who made the discovery, in his evidence 
says: , 

“Q. Please relate the occurrences following your dis- 
covery of the bent chord on Aug. 27? 

“A. Immediately after discovering the bend I brought 
the matter to the attention of Mr. Yenser and Mr. Birks, 
and with them re-exarnined both chord A 9-L and several 
other lower chord members. We did not know what to 
make of the matter, and then went up to our office and 
arranged with Mr. McLure to have the deflections of the 
suspicious chords measured—this measurement which was 
made by Birks, McLure and myself showed the extent of 
the deflections; and their cause, and their ultimate result 
immediately became a matter of very active discussion. 
Mr. Birks expressed himself definitely as being of opinion 
that there was no danger and endeavored to persuade me 
that the bend had always been in the chord. Mr. Yenser 
and I were uneasy and considered the matter serious, 
and finally suggested that McLure and Birks should go 
to New York and Phoenixville for advice. It was con- 
sidered that the matter could not be satisfactorily ex- 
plained by telegraph or telephone, and none of us ex- 
pected immediate disaster. Mr. Birks and Mr. McLure 
did not welcome our suggestion, saying that they would 
only be laughed at on arrival, and it was finally agreed to 
refer the matter of sending to headquarters to Mr. Hoare, 
who decided in favor of our suggestion. Mr. Hoare 
visited the bridge on Wednesday, and spent most of the 
day there. He appeared very anxious that I should aban- 
don my position of being positively convinced that the 
bend had occurred since the erection of the cantilever-arm 
was completed, and argued both this and some possible 
methods of strengthening the chorus by bracing several 
times with me. I was somewhat excited and much an- 
noyed at the unwillingness of all the engineers to accept 
my statement of facts, and on both Wednesday and 
Thursday avoided further discussion of the matter as 
much as possible. It was understood that Mr. McLure 
would immediately wire.me if Mr. Cooper took a serious 
view of the situation, but this he failed to do. Mr. Birks, 
however, told me on the morning of the 2oth inst. that 
he had been advised by ‘phone from Phoenixville that 
they had a record which showed that the bends had been 
in the chord before it was shipped from Phoenixville, and 
that he had just advised Mr. Hoare by telephone at the 
request of Mr. Deans, to that effect.” 


As soon as the measurements above referred to were 
made, it was recognized by Mr. Yenser and the inspectors 
that they were face to face with a crisis. Mr. Yenser 
announced his intention of stopping erection until he had 
referred the matter to Phoenixville. The measurements 
were plotted, and were reported by mail to Mr. Cooper 
and to Phoenixville, these reports being delivered on the 
morning of the 29th. Owing apparently to anxiety al- 
ready existing among the workmen, it was not considered 
wise to use either telegraph or telephone. As suggested 
by Mr. Kinloch, Mr. McLure reported the matter fully 
to Mr. Hoare on the evening of the 27th, the delay of 
about 12 hours being accounted for by the making and 


plotting of the measurements and the necessity of using, 


a personal messenger, as it was not wished to report 
particulars over the telephone. It is clear that Mr. Yen- 
ser, Mr. Kinloch and Mr. McLure were very much 
alarmed, but Mr. Birks could not be convinced that the 
bends had recently taken place. He knew better than 
any one else on the work the care with which the calcu- 
lations and designs had been made, he was familiar with 
the experience and abilities of the designers, and could 
calculate that the stresses were then far below the ex- 
_ pected maximum. To engineers the force of such rea- 
soning is very great, and we do not consider that the 
confidence Mr. Birks placed in his superiors was in any 
way unusual or unreasonable. There was no misunder- 
standing, however, on his part; he realized that if the 
bends had not been in the chord before it was erected, the 
bridge was doomed, and although Mr. McLure had evi- 
dénce that the bends had increased more than 1 in. in 
the course of a week, although Mr. Kinloch was positive 
that the bends had very recently greatly increased, and 
although Mr. Clark stubbornly maintained that the chord 


‘ 
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Kinloch visited 
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was absolutely straignt when it left Chaudiere yard, Mr. 
Birks still strove to convince himself that they must have 
been mistaken. Mr. Hoare evidently concluded that the 
matter was too serious for him to settle by any offhand 
decision, and approved Mr. McLure’s mission to New 
York, wisely requiring that he should get all possible facts 
before leaving, so that Mr. Cooper need not wait for fur- 
ther information on which to base a decision. 

The text of Mr. McLure’s report of Aug. 27, is as fol- 
lows: 

“New Liverpool, P. Q., Aug. 27, 1907. 
“Mr. THEODORE Cooper, 
“Consulting Engineer, 
“45 Broadway, New York. 


“Drar Sir: 


“T enclose sketches showing condition of bottom chord 
sections ‘606—g9 L’ of south anchor-arm and ‘621—9 R 
and 8 R’ of south cantilever-arm, as found from measure- 
ments made to-day by the Phoenix Bridge Co.’s assistant 
engineer and myself, by stretching a line from batten 
plate to batten plate, as indicated on the sketches, and 
measuring from this line held taut, to each rib, top and 
bottom. It was noticed this morning that these chords 
were bent in this manner, as it is very evident to one 
walking over them, and as it looked like a serious mat- 
ter, we measured them. , 

“Although a number of the chords originally had ribs 
more or less wavy, as I have reported to you from time 
to time, it is only very recently that these have been in 
this condition, and their present shape, undoubtedly due 
to the stress they are now receiving. Only a little over 
a week ago, I measured one rib of the 9-L chord of anchor- 
arm, here shown, and it was only~3% in. out of line. 
Now it is 2% in. 

“In the sketches the red indicates straight lines, and 
black ones the ribs of chords. A top and bottom view is 
shown in each case. You will note that chords ‘606—9L’ 
and ‘621—9-R’ have all ribs bent in same direction, while 
‘621 8-R’ has its ribs bent in reverse curves. These 
bends had become so apparent by to-day that the gangs 
riveting at these points noticed them, and called Mr. 
Kinloch’s attention to them. 

“This matter is being reported in this mail, with sketches 
from the same measurements, to the Phoenixville office, 
and the erection will not proceed until we hear from you 
and from Phoenixville. 

“Yours truly, 
(Signed) N. R. McLure. 

Wednesday, Aug. 28, was a day of.waiting and uncer- 
tainty. Mr. Yenser had changed lis mind during the 
night, and in the morning continued erection. The men 
were uneasy and aiarmed, and the officials were anxiously 
awaiting instructions from Phoenixville or New York. 
Mr, Yenser’s decision to continue work was laid before 
Mr. Hoare, upon whom, as chief engineer, the final re- 


. sponsibility for every step taken rested, decided that he 


had acted wisely. Mr. Hoare makes this clear in the 
following letters to Mr. Cooper: 
“Quebec, Aug. 28, 1907. 
“THEODORE CoopPer, Esq., 
"45 Broadway, New York City. 

“DEAR SIR: 

“T wired you to-day as under: 

“Have sent Mr. McLure to see you early to-morrow to 
explain letter mailed yesterday about anchor-arm chords. 

“Also the following message to the Phoenix Bridge Co. 
Mr. McLure will call to-morrow to explain Birks’s letter 
regarding anchor-arm chords; will see Mr. Cooper first. 

“Regarding this matter, I thought it best for McLure 
to go at once to be able to explain matters and answer 
questions. He did not have much time for extended in- 
vestigation before léaving. ¥ 

“T have been at the bridge all day trying to get some 
evidence in connection with the bending of the ribs in 
this chord. Mr. Kinloch noticed it for the first time yes- 
terday, and all inspectors declare that no such pronounced 
distortion existed a few weeks ago. Mr. McLure made 
measurements yesterday afternoon and brought them to 
my house late last night, and stated that the erection fore- 
man hastily concluded that he would not continue erect- 
ing to-day, which alarmed me at the time. Upon arriving 
at the work this morning he thought better of it and de- 


cided to go ahead, at the same time asking me if it - 


would be all right. After ascertaining that the effects 
from moving the traveler ahead and proceeding with the 
next panel would be so insignificant, I requested him to 
continue, as the moral effect of holding up the work would 
be very bad on all concerned, and might also stop the work 
for this season on account of losing the men. From 
further investigation during the day I cannot help con- 
cluding that the metal received some injury before it was 
erected, as the corresponding chord in the same panel, 
and stressed the samé, is in good condition. These panels 
are being stressed to-day, approximately about 7/1oths of 
their maximum, and it is difficult to believe that this is 
the entire cause of the distortion. Now and again a rib 
in certain members is found to be a trifle longer than an- 
other, which, when compressed, might cause a trifling 
kink in it. There are a few examples of this. The chord 
in question, when being lifted to the cars in the storage 


‘yard broke loose from the grips, one end of which fell a 


distance of 6 ft. on to timber sills; the other end fell a 
distance of 2 ft. on to a block of eyebars. In falling it 
fell over on its side, breaking one of its angles on the 
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north end splice and twisting some of the lacing bars, all 
of which were renewed. After this the inspectors reported 
the ribs perfectly straight. On account of this chord 
falling on to two rigid higher points. at ends, with no 
support in the middle but soft material, the conclusion 
would be that the deflection would be downward; as a 
matter of fact, the evidence shows that it was in the 
opposite direction. Since Mr, McLure left, Mr. Birks 
has made careful examination of the chord, and states 
that the actual bending commences at the south splice and 
was not confined entirely to the lengths between the bat 
ten plates, where the lacing angles are used. As the fore- 
man and inspectors declare that these defects were not 
noticeable until recently, perhaps the stress in this chord 
has made previous defects more pronounced. I thought I 
would give you the above story from further investiga- 
tions by to-night’s mail to help you to come to some con- 
clusion. Z 
“Yours truly, 
(Signed) ‘“E,. A. Hoare.” 
“Quebec, Aug. 29, 1907. 
“TuHEoporRe CooPer, Esq., 
“45 Broadway, New York City. 

“DEAR SIR: 

“Mr. Birks has just called me up on the telephone from 
the bridge and states that he has received a message from 
Phoenixville stating that they have positive evidence that 
the chord was not straight before it left the shops. This 
possibly clears up the mystery why the deflection was in 
the opposite direction to what it should have been, due to 
its fall in the storage yard. Mr. Birks has wired that in- 
formation to Mr. McLure at your office. Mr. Birks fur- 
ther stated that he is positive that the chord ribs were 
more or less out of line when the splice at the south end 
was riveted up in the bridge. 

“Yours truly, 
(Signed) “fF, A. Hoare.” 
“Quebec, Sept. 2, 1907. 
“TuHEoporE Cooper, Esq., 
“45 Broadway, New York. 
“DEAR SiR: 

“T thank you for replies to all our messages. I am 
sorry that you are not well and, of course, this appalling 
disaster has made you feel a thousand times worse. 

“Mr. Berger will answer our purpose very well for the 
present. The investigating commission may find it neces- 
sary later to interview you in New York, due notice of 
which will be given you. 

“JT wish to correct a misstatement in my letter to you 
of Aug. 28, which was written late and very hastily, to 
confirm telegram and conversation with Mr. Birks about 
the chord under discussion, The statement in my letter 
as follows: ‘Mr. McLure made measurements yesterday 
afternoon and brought them to my house late last night, 
and stated that the erection foreman hastily concluded 
that he would not continue erecting to-day, which alarmed 
me at the time. Upon arriving at the work this morning 
he thought better of it and decided to go ahead, at the 
same time asking me if it would be all right. After ascer- 
taining that the effects from moving the traveler ahead 
and proceeding with the next panel would be so insignifi- 
cant, I requested him to continue, as the moral effect of 
holding up the work would be very bad on all concerned 
and might also stop the work for this season, on account 
of losing the men,’ is to some extent a misstatement of 
facts and not clearly stated, due to too much haste, and 
which I wish now to correct as under: 

“Upon arriving at the work that morning the foreman 
told me that he had considered it during the night and 
had already moved the traveler forward, asking myself, 
Mr. McLure and Mr, Birks if we thought that what he 
had done would do any harm. We all thought that it 
would not, as they stated it would only add 50 Ib. to 
the square inch to the chord in question. We all thought 
at the time that to discontinue the work would entirely 
stop the work for this season, as the men would not wait 
and would go elsewhere to prepare for the winter. As 
stated in my last letter, strictly speaking, I did not re- 
quest the foreman to continue the work, as he had al- 
ready done so; at the same time we thought there was 
no immediate danger in adding so small a load. This 
latter more clearly states the conversation between us, 
and I am sorry that I have misstated in my hurry, one 
or two points which would be more or less confusing. 

‘ “Yours truly, 
“FE. A. Hoare.” 

It was clear that on that day the greatest bridge in the 
world was being built without there being a single man 
within reach who by experience, knowledge and ability 
was competent to deal with the crisis. Mr, Yenser was 
an able superintendent, but he was in no way qualified 
to deal with the question that had arisen, Mr. Birks, 
well-trained and clear headed, lacked the experience that 
teaches a man to properly value facts and conditions; and 
Mr. Hoare, conscious that he was not qualified to give 
judgment, simply assented to the courses of action that 
had been determined on by Messrs. Yenser and Kinloch 
and made no endeavor to make a personal examination of 
the suspected chords. 

Some measurements were made to test the stability 
of the main pier, but no one seems to have thought of 
testing the span for alignment or levels, and above all 
to measure the chords again to see if they showed any 
increase in deflection. Mr. Hoare discussed some means 
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of bracing the chords but decided 
until Mr.’ Cooper was heard from. At Mr. Hoare’s request 
Mr. Birks inspected the chords A 9-L and the A-L 8-9 
joint carefully and his observations tended to reassure 
both Mr. Hoare and himself, as he thought that he found 
evidence of original crookedness in the chord. 

His report to Phoenixville, which was received on 
August 30th, reads as follows: 


“New Liverpool, Aug. 28th, ’o7, 
“Tue PHOENIX BriIpGE Company, 
Phoenixville, Pa. 
“Dear SIRS: 

“J have made a further investigation of chord 9-A, 
and beg to report following additional data. The bend in 
the chord starts at the faced splice at the shore end and 
not at the edge of the splice batten. It appears from this 
that at least a large portion of the bend was in the chord 
when the top and bottom splice battens were riveted early 
in June. This and the fact that the lacing angles are not 
disturbed leads me to believe that the ribs were bent 
before erection in spite of the fact that Mr. Clark and 
Kinloch think all ribs were straight when the chord 
was repaired. From the evidence so far, I do not think 
we are justified in assuming it to be a fact that the ribs 
of any of the chords have buckled since erection, and 
Mr. Yenser has come to the same conclusion. 

“Yours truly, 


(Signed) “A. H. Birks.” 


After he had made his examination, Mr. Birks called | 


Mr. Kinloch and waited at track level, while Mr. Kin- 
loch went down to the chord and checked Mr. Birks’ ob- 
servations. After careful discussion with Mr. Kinloch of 
what was then done, we are forced to conclude that the 
sketch in Mr. Birks’ letter shows. only his personal idea 
of the shape and extent of the existing distortion and 
cannot be considered as furnishing data on which to base 
engineering conclusions, as no actual measurements were 
taken. : 

On Aug. 29, Mr. Birks’ report of the 27th inst. was re- 
ceived at Phoenixville, and was immediately discussed by 
Messrs. Deans, Szlapka and Milliken. It was finally 
decided that it was safe for the work to proceed, and 4 
telephone conversation took place between Messrs. Milli- 
ken and Yenser, and another between Messrs. Deans and 
Birks. 

Mr. Szlapka had made some calculations, and Mr. Birks 
reported his observations of Aug. 28. Messrs. Yenser 
and Birks were assured that the office approved their 
action in continuing work of erection, and Mr. Birks was 
told to tell Mr. Hoare that the bends had been in the 
chord before they left Phoenixville. This Mr. Birks did 
(evidence, page gg1). 

Mr. Deans also telegraphed Mr. Hoare as follows: 

Phoenixville, Aug.’ 29, 1907. 
“FE. A. Hoare, Eso., ; 
“Chief Engineer, Quebec Bridge Co., 
“Quebec, Canada. ‘ 

“McLure has not reported here; the chords are in 
exact condition they left Phoenixville in and now have 
much less than maximum load.” 

Mr. Hoare had telegraphed to both Mr. Cooper and 
Mr. Deans on Aug. 28, advising them of Mr. McLure’s 
mission, Mr. Deans has since explained that his tele- 
gram did not refer to the chords measured on the 27th 
. inst., but after considering the circumstances we are en- 
tirely satisfied that Mr. Hoare was justified in thinking 
that it did, and in so doing he was confirmed by Mr. 
Birks’ telephone message previously received. 1 

From the time these assurances were received anxiety 
at the bridge practically ceased, and there is no evidence 
that any further measurements were made to determine 
the movements of the suspected chords. As Mr. Hoare 
expressed it, “I felt quite comfortable that day about it. 
I knew it could not be long before the matter would be 
taken up.” 

Shortly after 11.00 a. m. on Aug. 29, 
reached his office and found Mr. 


Mr. Cooper 
McLure there. After 


to postpone action , 
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a brief discussion Mr. Cooper wired to Phoenixville as 
follows: 

“New York, Aug. 27, 1907. 
“Puornrx Brince Co., 12:16 P.. M. 


“Phoenixville, Pa. 


“Add no more load to bridge till after due considera- 
tion of facts; McLure will be over at 5 o’clock.” 

This message was received at Phoenixville at 1:15 
P. M. Mr. Cooper has explained in his evidence that 
he was not aware at the time that erection was pro- 
ceeding, Mr. McLure having advised him to the con- 
trary, and that he telegraphed to Phoenixville instead of 
to Quebec because he thought action would be more 
promptly assured by so doing. 

Mr. McLure had promised to wire Mr. Cooper’s de- 
cision to Mr. Kinloch immediately, but he did not do so. 

Mr. Deans reached his office about 3:00 P. M. and 
found Mr. Cooper’s telegram there. He arranged for 
Mr. Szlapka and Mr. Milliken to be on hand to 
meet Mr. Mclure, but otherwise took no action. After 
Mr. McLure arrived there was a brief discussion, dur- 
ing which Mr. McLure mentioned that he had received 
a wire from Mr. Birks giving him the result of that 
gentleman’s observations on Aug. 28. It was decided to 
postpone action until the morning and to await the ar- 
rival of Mr. Birks’ letter of Aug. 28. This decision was 
made almost at the minute that the bridge fell. 

As a conclusion reached from the evidence and from 
our own studies and tests, we are satisfied that the bridge 
fell because the latticing of the lower chords near the 
main pier was too weak to carry the stresses, to which 
it was subjected, but we also believe that the amount of 
those lattice stresses is determined by the deviation of 
the lines of center of pressure, from the axes of the 
chords, and this deviation is largely affected by the con- 
ditions at the ends of the chords. We must therefore con- 
clude that although the lower chords 9-L and 9-R anchor 
arm, which, in our judgment, were the first to fall, failed 
from weakness of latticing, the stresses that caused the 
failure were to some extent due to the weak end details of 
the chords, and to the looseness or absence of the splice 
plates arising partly from the necessities of the method 
of erection adopted, and partly from a failure to appre- 
ciate the delicacy of the joints and the care with which 
they should ‘be handled and watched during erection. We 
conclude from our tests that owing to the weakness of 
the latticing, the chords were dangerously weak in the 
body for the duty they would be called upon to do. We 
have no evidence to show that they would have actually 
failed under working conditions had they been axially 
loaded and not subject to transverse stresses arising 
from weak ends details and loose connections. We recog- 
nize that axial loading is an ideal condition that cannot 
be practically attained, but we do not consider that suffi- 
cient effort was in this case made to secure a reason- 
able approach to this condition. The Phoenix Bridge 
Company showed indifferent engineering ability in the 
design of the joints and did not recognize the great care 
with which these should be treated in the field. 

We consider that Mr. Deans was lacking in judgment 
and in sense of responsibility when he approved of the 
action of Mr. Yenser in continuing erection, and when 
he told Mr. Birks and Mr. Hoare that the condition of 
the chords had not changed since they left Phoenixville. 

No evidence had been produced before the Commission 
in proof of the correctness of this statement about the 
chords, and Mr. Szlapka’s calculations as stated in thé 
following letter showed that the rivets were even then 
loaded to their maximum specified stress of 18,000 lbs. 
per square inch. 

“MonrtTrEAL, Jan. 24, 1908. 


“PHOENIX BRIDGE COMPANY, 
“PHOENIXVILLE, PA. 
“GENTLEMEN: 


“Will you please file with the Commission a copy of 
the calculations made by Mr. Szlapka on Aug. 29, 1907, 
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and which are referred to on pages 967 and 968 of the 
evidence? 

“As we are nearing the completion of our report we 
would esteem it a favor if you would have this informa- 
tion sent to us immediately. 

“Tt is possible that you may not have an exact copy 
of these calculations, but no doubt they can be dupli- 
cated, and Mr. Szlapka’s certificate to this effect would 
be spfficient. 

“Truly yours, 
(Signed) “Henry Horcate.” 
“PHOENIXVILLE, Pa. 
“Wenry Hotwcate, Eso., Jan. 31, 1908. 
“CHAIRMAN RoyaL CoMMISSION, 
““MoNTREAL, CANADA. 
“DEAR SIR: , 
“Replying to your letter of Jan. 24, I enclose here- 
with letter from Mr. Szlapka of this date, giving calcu- 
lations similar to that made on Aug. 29 regarding chord 
9-L, south cantilever arm. 
“Yours truly, 
(Signed) ‘Jno. Srertinc Deans, 
“Chief Engineer.” 

“PHOENIXVILLE, Pa., Jan. 21, 1908. 

“Joun STERLING Deans, Eso. 

“Chief Engineer, The Phoenix Bridge Co. 
“PHOENIXVILLE, Pa. 

“Dear Sir: : 

“Referring to Mr. Holgate’s letter of Jan. 24, ad- 
dressed to the Phoenix Bridge Co., I beg to give you 
below the calculations similar to the one made on Aug. 
29, 1907, referring to chord 9-L, south anchor arm. 
.“Taking 1% in. as the average reported curvature of 
chord 8-L, we have: : 
“(WL/4) X 12 = 780° X 18,000 X 1% in. = 21,060,000 

inch-lbs, 
“W/2 = 61,600 Ibs. 

“Stress in each lattice, S = 61,600 X 1.4 + 4 

21,600 lbs. 


“Yours truly, 
“Tur PHOENIX BRIDGE Co., 
“Per P. L. SzrapKa.” 

The theory underlying these calculations is very ques- 
tionable, but it was adopted in the design of the bridge, 
and we cannot understand why its warning was so en- 
tirely disregarded in the face of the consequences that 
might result. ; 

With reference to Mr. Cooper’s telegram, Mr. Deans 
knew that he was in possession of later information 
from the bridge than had reached Mr. Cooper and there- 
fore decided to wait for Mr. McLure and afterwards for 
the arrival of Mr. Birks’ letter of August 28th before 
taking action. The whole incident points out the need of 
a competent engineer in responsible charge at the site. 

Mr. Hoare was the only senior engineer who was able 
to reach the structure between August 27th and August 
29th. He was fully advised of the facts yet did not order 
Mr. Yenser to discontinue erection which he had power 
to do; we considér that he was in a much better position 
than any other responsible official to fully realize the 
events that had occurred, and his failure to take action 
must be attributed to indecision and to a habit of relying 
upon Mr, Cooper for instructions. : 

We are satisfied that no one connected with the work 
was expecting immediate disaster, and we believe that in 
the case of Mr. Cooper his opinion was justified. He 
understood that erection was not proceeding; and without 
additional load the bridge might have held out for days. 

Our tests have satisfied us that no temporary bracing 
such as that proposed by Mr. Cooper could have long 
arrested the disaster; struts might have kept the chords 
from bending, but failure from buckling and rivet shear 
would soon have occurred. . 

(Signed) 


(Signed) 


“Henry Horearte, 
“Chairman, 
“J, G. G. Kerry, 
“J. GALBRAITH.” 
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